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ABSTRACT

Author: Sanchez-Pena, Matilde, L. PhD
Institution: Purdue University
Degree Received: August 2018
Title: A Quantitative Study of Faculty Retention and Promotion in Engineering across Gender
Major Professor: Joyce Main
The retention and promotion of a diverse engineering faculty body play a primary role in
the advancement of the field. Failure to retain engineering faculty has significant economic
implications for institutions. Additionally, the availability of role models and potential mentors
for women and other minorities is paramount for the continuing diversification of the field. Prior
research has documented additional challenges faced by women faculty in engineering when
compared to men; such evidence has resulted in significant attempts to attenuate such disparities
among faculty at all ranks. From the institutional perspective, examining retention and promotion
times across gender would help to assess possible persisting inequalities in the success of men
and women engineering faculty.
This work investigates gender differences in the average Institutional Retention time,
Time to Tenure, and Time to Promotion from associate to full professor across a sample of 20
U.S. engineering institutions during the period 1999–2017. Gender differences in the success
rates of advancing through the faculty ranks were also evaluated. The theoretical tenets of this
research are based on (1) the theory of gendered organizations and (2) critical mass theory.
Statistical models including event history analysis, logistic regression, and chi-square tests were
used to estimate the described times and rates of success respectively. Results showed that men
and women faculty had similar institutional retention times when hired at the assistant level.
However, men departed earlier when hired at the associate or full ranks. There were no
differences between men and women faculty in time to tenure. Men and women faculty had
similar time to promotion when they were hired at the associate level, but when hired at the
assistant level women were less likely to be promoted to full professor and experienced longer
time to promotion.
This evidence indicates some advancement for women´s success at the lower ranks of
academia, which might reflect some impacts of the increasing proportion of women achieving
PhD degrees in engineering. The absence of differences in the time to tenure raise questions

xv
about the level of information on family-friendly policies provided during the tenure track, as
well as the level of encouragement to use them. Furthermore, it invites new inquiries about the
status of women at the associate and full professor levels. A better understanding of the
challenges faced by women faculty at such levels as well as the limiting factors for their
advancement to leadership positions is necessary. Results of this research have implications for
institutions assessing their ongoing diversity efforts. Additionally, they may represent
encouraging prospects for graduating PhDs considering the faculty path.
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1. INTRODUCTION

In this first chapter, I provide a description of the problem addressed by this dissertation:
the need for universities to retain a diverse engineering faculty body. I first present a thorough
description of the problem, followed by the statement of purpose of this work and a summary of
the research design. Finally, I present the research questions and the hypotheses that were
addressed.
1.1 Problem Description
Recruiting and retaining a diverse body of engineering faculty is paramount for the
development of the field. Institutions of higher education in the U.S. actively seek to attract and
retain the best elements of the scientific community as faculty. Failure to retain the faculty
required to sustain their development and train future generations of scientist and engineers has
great economic implications for institutions of higher education (Ehrenberg, Rizzo, & Jakubson,
2003). Furthermore, in recent decades the call for a more inclusive field of engineering has been
loud and clear. Valuable human resources are being underutilized within an increasingly diverse
society which aims to become more equitable (Wulf, 1998). Despite advancements in the last
three decades, the representation of women in engineering is still lagging. Promoting the
advancement of women faculty in engineering is important to close such disparities in
representation, as they can become the role models of subsequent generations (Hurtado &
Figueroa, 2012). While a variety of strategies have been established to support the advancement
of women faculty through their academic career (Fox, 2008), the current work’s assessment of
such advancement, which measures faculty retention and promotion across gender, represents a
first approach to gauge the latest gains in the field.
1.1.1 The economic impact of faculty departures
Faculty departures have significant economic implications for institutions of higher
education. Estimates of 2003 showed that at major public research universities, the costs of a
startup package for a new faculty member in science or engineering could range between
$390,000 and $580,000 for an assistant professor, and between $700,000 and $1,442,000 for a
senior faculty member (Ehrenberg, Rizzo, & Jakubson, 2003). In addition, it was estimated that
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it could take up to 10 years to recover the investment made in new faculty in the area of science
and engineering (Callister, 2006). Other effects of losing distinguished members of the scientific
community are reflected in the research projects, human resources, and funds they may transfer
to other institutions. Similarly, discontinuities in course offerings and departmental planning as
well as increases in hiring expenses are other side effects of faculty turnover (Ehrenberg, Kasper,
& Rees, 1991). Although some benefits may be derived from faculty turnover, such as the
potential hire of younger faculty and reallocation of resources (Nagowski, 2006), institutions
need to secure an appropriate balance that would promote the growth of their programs in an
economically feasible fashion.
Research has focused on the institutional elements and policies that may promote or deter
professors from staying at a given institution, e.g., salary. Studies using data from the American
Association of University Professors (AAUP) found that higher levels of compensation increased
retention rates (Ehrenberg et al., 1991; Nagowski, 2006). Seniority has also been shown to play a
role: reaching the associate professor level increases the retention rates at institutions of higher
education. While the retention rates of associate and full professors were between 90% and 92%
in the periods of 1971 to 1989 and 1996 to 2001, the retention rates of assistant professors
between 1971 and 1989 ranged between 84% and 86% (Ehrenberg et al., 1991; Nagowski,
2006). These differences may be derived from the fact that the retention of assistant professors is
influenced by both voluntary and involuntary departures (i.e., not promoted to associate level).
However, the high costs of hiring new faculty make low retention rates at the assistant level even
more relevant for the economic priorities of institutions. Although other personal factors may
influence the decision of faculty to depart (e.g., geographic location, family priorities, etc.), the
study of institutional elements influencing faculty retention at all levels (assistant, associate, and
full) remains relevant as institutions can promote policies for this end.
1.1.2 Women’s representation in engineering
The necessity of a diverse engineering field is recognized due to (1) the value that it
brings to the creation of better solutions, (2) the diversification of the U.S. population, which
makes it necessary to attract recruits from growing minority groups in order to keep pace with
the demand of engineering graduates, and (3) the objective of social justice in which people of
all backgrounds can have access to an engineering education (Wulf, 1998). Although diversity
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can be defined in increasingly different ways, gender diversity is still considered one of its main
indicators.
Many have argued that despite the increases in women and minority graduates at the
Ph.D. level in Science, Technology, Engineering, and Mathematics (STEM) areas, the
representation at the faculty level has not changed significantly (Marschke, Laursen, Nielsen, &
Dunn-Rankin, 2007). Nevertheless, the gains are becoming less tenuous. In engineering, between
1996 and 2016 the share of doctorates in engineering awarded to women grew from 12% to 23%
(National Center for Science and Engineering Statistics, 2016). With 21% of bachelor’s degrees
in engineering in 2017 being granted to women (Yoder, 2017), the gap between women
achievement at the undergraduate and graduate levels appears to be decreasing.
Using data from the American Society for Engineering Education (ASEE), the estimated
proportion of women assistant professors in engineering in 2015 was 23%, which is at par with
the production of women Ph.D. graduates. While not all recent Ph.D. graduates follow academic
careers, it is important to recognize that the proportion of those choosing these careers
accumulates over time. Therefore, gains in women’s representation at the assistant level can be
deemed as relevant because academic careers might have recovered popularity among recent
women Ph.D.s.
Furthermore, while estimates of 2006 described that women represented only 11.9% of
associate professors and 3.8% of full professors in engineering (Karpman, 2016), estimates based
in ASEE data describe that in 2015, 18.3% of associate professors and 10.6% of full professors
were women. According to ASEE, the total proportion of women faculty in engineering has
grown from 12.3% in 2008 to 17.0% in 2017. While all the presented gains are of value,
engineering is still far from parity with the proportion of women in the population. To promote a
more diverse engineering education, we need to sustain the gains in the proportion of women at
all levels. Research has shown that gender disparities among science and engineering faculty will
not be addressed only by demographic inertia (i.e., expecting the pipeline to grow) but by
focused efforts on fixing “gender gaps in recruitment, retention and career progression”
(Thomas, Poole, & Herbers, 2015).
Despite gains in the presence of women faculty, extensive research has documented the
different and more challenging experiences that women and minority faculty have when
compared to White male faculty in many areas of higher education (Banerjee & Pawley, 2013;
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Carter & O’Brien, 1993; Diggs, Garrison-Wade, Estrada, & Galindo, 2009; Rosser, Daniels, &
Wu, 2006). However, it is unknown how these experiences are reflected in the retention of these
groups of faculty. Furthermore, a variety of strategies have been implemented to support women
and minority groups through their academic trajectory (Sturm, 2006). Therefore, it is possible
that women faculty are better prepared and supported to manage the challenges of their academic
careers. On the other hand, it is also possible that the corresponding environments have become
more supportive of women.
The relationship between faculty experiences and faculty retention are well documented
(Rosser et al., 2006). But thorough quantitative descriptions of the phenomena of faculty
retention and promotion are scarce. Although some works have explored the differences in times
of faculty retention and promotion across gender (Box-Steffensmeier et al., 2015; Gumpertz,
Durodoye, Griffith, & Wilson, 2017; Kaminski & Geisler, 2012), these explorations have
captured a limited number of institutions of varied nature. Additionally, their results have been
inconclusive: while Kaminski & Geisler (2012) found no difference in the time to departure
across gender among engineering faculty, Gumpertz et al. (2017) found that women faculty in
engineering were more likely to leave without tenure than men.
The inconclusive evidence opens a gap of research to describe faculty retention and
promotion times in engineering across gender. This work aims to fill this gap, exploring
quantitatively the retention and promotion times in engineering across gender using a sample of
engineering programs in the U.S. It would be expected that both gender groups would have
similar retention and promotion times; therefore, the identification of any potential differences
could support the existing qualitative evidence on the different experiences of minority groups
(See Section 2.3), as well as open new inquiries about the reasons behind such differences.
1.2 Statement of Purpose
The aim of this study is to quantitatively measure faculty institutional retention and
promotion across gender within engineering universities in the U.S. The approach of this
measurement is descriptive and not explanatory in nature. As such, results will describe the
performance of the engineering field in terms of faculty retention and promotion across gender.
Nevertheless, the results will not engage in extensive evaluation, and will be draw within the
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limitations of the sample. Furthermore, it does not intend to identify the elements that drive such
performance.
Two theoretical tenets are considered to frame the hypotheses of the effect of gender in
the institutional retention time, time to tenure, and time to promotion of engineering faculty:
first, the theory of gendered organizations through the division of labor, which entertains the
concept of universities as incongruous gendered bureaucratic structures (Acker, 1990); and
second, critical mass theory (Kanter, 1977), which supports the idea that groups surpassing the
15% threshold in their representation will trigger a change in the experiences of members of such
groups. In the context of women faculty in engineering, the theory of gendered organizations
supports differences in retention and promotion, while critical mass theory supports the absence
of differences. Results of this work will provide further evidence about gender differences in
faculty advancement in engineering.
1.3 Study Design
A convenience sample of 20 R1-public institutions with engineering programs in the U.S.
were included in this study. Data on faculty hiring, tenure, promotion, and departure years within
the period of 1999–2017 was collected through public catalogs and other public sources. The
theory or gendered organizations and critical mass theory frame the inquiries pursued in this
study. Statistical methods to answer the research hypotheses included the chi-square test of
independence, logistic regression models, and event history analysis models, including log-rank
tests of distributions, Cox proportional hazard, and subdistribution hazard models.
1.4 Research Questions and Hypotheses
In this study, I operationalize faculty institutional retention as the time that faculty remain
at institutions, i.e., the timespan between their entry and departure. Furthermore, I operationalize
faculty promotion through the rate of success on achieving a promotion and the time to obtain
such promotion. Inquiries in this study focus on the rate of success in promotion to associate
professor (tenure) and promotion to full professor, the time to such promotion events, and their
related time of retention. Therefore, the three times of interest in this study are (1) Institutional
Retention (IR) time, which represents the total amount of years a faculty member stays at an
institution; (2) Time to Tenure (TT), which is the time it takes for a faculty member hired at the
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assistant level to become a tenured associate professor; and (3) Time to Promotion to Full
professor (TPF), which is the time it takes for a faculty member at the associate level to become
full professor. Each of the research questions proposed in this study are based in one of these
three times. The null hypotheses that are derived from each research question are also listed and
the rationales are explained.
RQ1: What is the average Institutional Retention (IR) time of engineering faculty among R1public institutions in the U.S.? Are there any differences in IR by faculty gender? What are these
differences?
Hypothesis 1.1: Engineering faculty at R1-public institutions in the U.S. are retained for
less than 10 years.
Short faculty turn-over periods affect universities negatively. Therefore, universities are
interested in retaining faculty at least until the investment made has been recovered.
Some estimates have calculated that it takes at least 10 years to recover the investment
made in a faculty hire in Science and Engineering departments (Callister, 2006).
Therefore, 10 years is the threshold chosen for this inquiry.
Hypothesis 1.2: Men and women engineering faculty at R1-public institutions in the U.S.
have similar IR times.
When analyzing reasons behind issues of retention, gender has been documented as a
factor of impact. Some studies have found that women faculty are more likely to leave
the institutions than men faculty (Sanderson, Phua, & Herda, 2000). It has been argued
that the main reason for this is that the culture in engineering departments presents a
variety of extra challenges for women (Fox, 2008). Therefore, it would be valuable to
verify if there is any difference in the time to faculty departure between genders.
RQ2: What is the average time to tenure (TT) among engineering institutions across the U.S.?
Are there any differences in TT by faculty gender? What are these differences?
Hypothesis 2.0 Men and women engineering faculty are equally likely to be promoted
from assistant to associate (achieve tenure) at R1-public institutions in the U.S.
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There is extensive evidence for how different stages of the professoriate present a variety
of challenges that might discourage faculty from persisting at an institution or in the
profession at large. In particular, institutions with a Carnegie classification of Doctoral
Highest Research demand the highest standards for research, which are translated in the
need for faculty to have a solid publishing record and to obtain substantial external
research funding. This requirement is more pressing to faculty at the assistant level. Such
standards have been documented as putting an extra level of pressure on women, whom
tend to allocate (either voluntarily or involuntarily) more time to teaching and service
functions while in the tenure-track (O’Meara, Kuvaeva, Nyunt, Waugaman, & Jackson,
2017), functions that play a less relevant role for obtaining tenure. This poses an extra
challenge for these women in tenure-track positions. Based on this evidence, a difference
in the rate of success across gender would be expected.
Hypothesis 2.1: The average time to tenure among engineering faculty at R1-public
institutions in the U.S. is six years.
Hypothesis 2.2: Among faculty promoted to associate professor (tenure) in engineering at
R1-public U.S. institutions, men and women have similar time to tenure (TT)
Tenure and promotion procedures among R1-public institutions traditionally require a
six-year timeline from hiring an associate professor to evaluating for tenure. However, a
variety of policies have been proposed to support the advancement of faculty, particularly
faculty with primary caregiver roles. Special accommodations (e.g., extensions of the
tenure clock) and programs (e.g., mentoring) have been implemented by institutions to
provide such support. However, research has shown that women might be less willing to
use such accommodations because of reservations about being stigmatized. TT would be
a proxy for the use of such policies when it goes beyond the six-year threshold
traditionally used by institutions.
RQ3: What is the average time to promotion (TPF) from associate to full professor among
engineering institutions across U.S.? Are there any differences in TPF by faculty gender? What
are these differences?

8
Hypothesis 3.0: Men and women engineering faculty are equally likely to be promoted
from associate to full professors at R1-public institutions in the U.S.
It has been documented that women faculty are less likely to seek the promotion from
associate to full (Gardner & Blackstone, 2013). This hypothesis addresses a quantitative
measurement of such differences across institutions.
Hypothesis 3.1 The average time to promotion to full professor in engineering at R1public institutions in the U.S. is more than six years.
Some researchers have argued that given that the expectation of achieving tenure in six
years, should imply that the following promotion (i.e. promotion to full professor) should
take a comparable time. However, a variety of negative factors might accumulate
deterring such pace (Geisler, Kaminski, & Berkley, 2007).
Hypothesis 3.2: Among faculty promoted from associate to full professor in engineering
at R1-public U.S. institutions, men and women have similar time to promotion to full
(TPF).
Among those that achieve full professor rank it has been recognized that the process of
promotion takes time and effort. This hypothesis tests if such time is different across
gender.
Answers to the different hypotheses will provide new quantitative insights on the faculty
promotion and tenure process and its differences across gender in engineering.
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2. LITERATURE REVIEW

In this chapter, I synthesize the literature that frames the gap in research on faculty
retention and promotion across gender that I aim to fill with this study. I start the chapter by
describing the representation of women faculty in engineering and the different reasons that
make studying their advancement a relevant issue for institutions of higher education. I follow
with a description of the tenure system and its various stages, accentuating the elements that have
been argued make it a gendered system that tends to favor the experience of men over women
faculty. I thoroughly describe three stages: the entry to the tenure track, the time on the tenure
track (from assistant to associate professor), and the tenured stage (with the potential to advance
from associate to full professor). Throughout the chapter, I present a summary of initiatives that
have been created to support the advancement of women faculty at different stages of their
academic careers in science and engineering. The reviewed literature provides thorough evidence
about the experiences of women faculty in science and engineering faculty together; however,
scarce research has been conducted with an exclusive focus on engineering.
I conclude the chapter by presenting the definitions of faculty retention and promotion in
the context of this work and offering a summary of quantitative studies of gender differences in
faculty retention and promotion in engineering. The mixed conclusions reached by the existing
studies make the quantitative evidence presented in this work a valuable contribution for
assessing the gender differences in faculty advancement in engineering.
2.1 Women faculty in engineering
Despite some gains in recent decades, women faculty in engineering are still
underrepresented. Between 2006 and 2016, the proportion of women faculty in engineering grew
from 16% to 23% at the assistant level, from 11.9% to 18.3% at the associate level, and from
3.8% to 10.6% at the full professor level (Commission on Professionals in Science &
Technology, 2000; Yoder, 2017). While the proportion of women faculty at the lower ranks has
increased significantly, the limited representation of women at higher faculty ranks limits their
potential for reaching leadership roles and contributing with significant decision-making to
influence engineering education (Fox, 2008). Although the presented gains are of value, and such
gains may already reflect the effect of multiple initiatives implemented to support the hiring and

10
retention of women faculty in STEM areas (Bilimoria, Joy, & Liang, 2008), engineering is still
far from gender parity at all academic levels. To promote a more diverse engineering education
field, institutions need to accelerate the gains in the representation of women at all levels.
For the advancement of the engineering discipline in the U.S., it is paramount to ensure
fair participation of all members of the country’s diverse society (National Academy of Sciences,
National Academy of Engineering, & and Institute of Medicine, 2007); promoting women
representation at the faculty level contributes to this vision. The presence of women faculty has
been shown to have a positive influence on the retention and success of women undergraduate
(Fox, 2010) and graduate students (Main, 2018). Nevertheless, research has shown that gender
disparities among science and engineering faculty will not be addressed only by demographic
inertia (i.e., expecting the pipeline to grow) but by focused efforts on fixing “gender gaps in
recruitment, retention and career progression” (Thomas et al., 2015). Therefore, although the
proportion of women faculty at the assistant level has reached the proportion of women Ph.D.
graduates in engineering—23% in 2016 according to the National Center for Science and
Engineering Statistics (2016)—efforts to support the advancement of women should not cease.
On the contrary, assessing the success in retention and promotion of women faculty is still
necessary, especially for their advancement beyond the assistant professor level.
Extensive evidence exists about the additional challenges faced by women faculty in
STEM areas and supports the need to study their advancement through the academic ranks (Bird,
2011). Such challenges include but are not limited to: having higher teaching and service loads
(Carrigan, Quinn, & Riskin, 2011), lack of clarity of the tenure and promotion process (Banerjee
& Pawley, 2013), lack of mentoring (Dunham, Weathers, Hoo, & Heintz, 2012), isolation from
informal networks (Maranto & Griffin, 2011), and issues of work-life balance (Brockopp, Isaacs,
Bischoff, & Millerd, 2006; Mason & Goulden, 2002). Institutions have used the existing
qualitative evidence to inform strategies to support women faculty to overcome such challenges
(Bailyn, 2003). However, quantitative evidence evaluating how the engineering field is doing at
retaining women faculty when compared to men is limited. To start exploring how the
advancement of faculty differ by gender, the following section delves into the problem of faculty
retention and its dynamics under the tenure system.
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2.2 Faculty retention and gender
Faculty departures have significant economic implications for institutions of higher
education. Estimates of 2003 showed that at major public research universities, the costs of a
startup package for a new faculty in science or engineering could range between $390,000 and
$580,000 for an assistant professor, and between $700,000 and $1,442,000 for a senior faculty
(Ehrenberg, Rizzo, & Jakubson, 2003). While no recent estimates are available, it would be
expected that costs would be significantly higher in these days of tight budgets. In addition, it has
been estimated that it could take up to 10 years to recover the investment made in a new faculty
in the area of science and engineering (Callister, 2006). Other effects of losing distinguished
members of the scientific community are reflected in the research projects, human resources, and
the funds they may transfer to other institutions. Similarly, discontinuities in course offerings and
departmental planning as well as increases in hiring expenses are other side effects of faculty
turnover (Ehrenberg, Kasper, & Rees, 1991). Although some benefits may be derived from
faculty turnover, such as the potential hire of younger faculty and reallocation of resources
(Nagowski, 2006), institutions need to secure an appropriate balance that would promote the
growth of their programs in an economically feasible fashion.
Research has shown that the multiple challenges documented for women faculty in
science and engineering result in lower satisfaction with tenure-track positions than that of men
faculty (Liang & Bilimoria, 2007; Rosser, 2004). As a consequence, women faculty are more
likely to leave academic positions in science and engineering (Bilimoria et al., 2006; Callister,
2006). Because of their interest in retaining a diverse body of faculty, institutions have
established a variety of strategies to support the advancement of women faculty (Bilimoria et al.,
2008; Pribbenow et al., 2010; Rosser, 2017). From an organizational point of view, it is crucial
to study discipline-specific advancements due to such initiatives. An essential first step for this
type of assessment will be to investigate if the retention rates, retention times, and time to
promotion are similar across gender. This study aims to conduct this first assessment specifically
for the engineering field within public research-intensive institutions (R1-public). In the
following sections, I expose the different aspects of the tenure system that have been
documented as presenting additional challenges for women and the policies promoted to address
such disparities in R1-public institutions.
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2.3 The gendered nature of the tenure system
Faculty play an essential function in institutions of higher education. They perform the
research, teaching, and service that benefit the advancement of science and society at large
through cutting-edge research and the training of new generations of professionals (Light, 1974).
Therefore, colleges and universities are constantly striving to recruit and retain the most talented
professionals in these careers. The tenure system was created as a tool to retain faculty, through
providing job security and stability, and to protect faculty academic freedom (Chait, 2005). With
this intention, the American Association of University Professors (AAUP) established that
Tenure is a means to certain ends; specifically: “(1) freedom of teaching and research and
of extramural activities, and (2) a sufficient degree of economic security to make the
profession attractive to men and women of ability. Freedom and economic security,
hence, tenure, are indispensable to the success of an institution in fulfilling its obligations
to its students and to society.” (AAUP, 2016; p. 14)
The tenure system may represent an effective way to retain talented faculty; however, it
has been argued that many of its characteristics are based on the concept of the “ideal worker”
which excludes the needs of women faculty. The “ideal worker” scheme assumes the capacity of
the worker to devote long working hours and be single-minded in fulfilling the organizational
mission (Bailyn, 2003; Sallee, 2012). This condition makes it more likely that the image of the
“ideal worker” is a male who can count on the support of a partner that oversees the well-being
of other aspects of life, such as family (Lester & Sallee, 2017). Under this scheme, women are by
default at a disadvantage in a tenure-track career because many women still tend to perform the
function of principal caregivers of children and perform a significant proportion of household
responsibilities (Mason & Goulden, 2002).
The described expectations of the tenure system generate a disadvantage for women that
has been recognized extensively (Bailyn, 2003; Mosley & Hargrove, 2014; Stewart, Malley, &
LaVaque-Manty, 2007). While actions have been taken to address these disparities, evidence
shows that the gap in the faculty experience of women and men still exists in many areas,
including science and engineering (Rosser, 2013). Therefore, analyzing gender within the tenure
track system is valuable to gauge if the retention efforts within the tenure system are working
similarly for men and women.
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Some research has shown that the new generations of scholars are growing ambivalent
towards accepting positions outside of the tenure system (Trower, Austin, & Sorcinelli, 2001).
Nevertheless, faculty in the tenure system are the main contributors to the advancements of their
disciplines, through higher commitments to research and the mentoring of new generations.
Therefore, ensuring fair participation of faculty of all backgrounds is paramount.
Also, the success of diverse, talented faculty in the tenure system is instrumental for institutions
of higher education in getting positioned as academic leaders. More than 90% of public and 60%
of private four-year institutions of higher education have a tenure system (NCES, 2013).
Therefore, the study of the advancement of faculty through the tenure system and its interaction
with gender is a relevant topic within U.S. education. The following sections describe different
stages of the tenure system and their gendered elements.
2.3.1 Entering the tenure track: the two-body problem
An increasing challenge for institutions of higher education to attract and retain talented
faculty is the “two-body problem,” which refers to dual-career couples in which both members
are highly qualified and specialized, restricting the types of jobs and locations they prefer
(Woolstenhulme, Cowan, McCluskey, & Byington, 2012). Women are more likely to be married
to professionals. Therefore, their job prospects become limited by the need to satisfy the
employment needs of both members. As a consequence, women in dual-career couples are less
likely to seek tenure-track positions (Wolf-Wendel, Twombly, & Rice, 2004).
Institutions are aware of the challenge to attract promising faculty who are part of a dualcareer couple and have established strategies to support such needs. A review of the dual-career
policies of 360 U.S. institutions found that, although most institutions in the sample were willing
to provide dual-career accommodations, research universities were more likely than doctoralgranting universities, comprehensive institutions, and liberal arts colleges to already have related
policies in place. Accommodations for dual-hires spanned non-tenure-track and adjunct faculty
positions, split or shared positions, or support on shared advertising across closely located
institutions (Wolf-Wendel, Twombly, & Rice, 2004).
While the benefits of such policies are many, there is concern that the second hire in a
couple might be stigmatized, assumed underqualified, or treated with less respect and support.
This circumstance impacted women more highly since they represented 70% of the second hires
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at one studied institution (Schiebinger, Henderson, Gilmartin, & Michelle R. Clayman Institute
for Gender Research, 2008). Nevertheless, other research provides evidence that this stigma
might be unfounded. Measuring faculty productivity of academic couples at the same institution,
Woolstenhulme et al. (2012) found that members of career couples outperformed non-couple
hire colleagues in their number of publications and funding secured. For institutions to remain
competitive, it is necessary to remove the barriers that limit the access to the tenure track of
promising faculty despite their gender and enact the policies required for their success.
2.3.2 The tenure track: From assistant to associate professor
There are three stages of professional advancement for faculty under the tenure system:
assistant, associate, and full professor. The level of assistant professor represents the starting and
probationary period. This period is also known as the tenure track. After successful evaluation of
this probatory period in all aspects of scholarship, professors are promoted to the associate level;
in this transition, this system has an “up or out” nature (Siow, 1998) where those that are not
successful leave the institution, but those that achieve the associate level usually earn permanent
or continuous tenure under which their “service should be terminated only for adequate cause,
except in the case of retirement for age, or under extraordinary circumstances because of
financial exigencies” (AAUP, 2016; p.15).
The implications of job security involved in the tenure track make it a period of high
stress where expectations are high in all the functions performed by faculty. A study comparing
the occupational stress levels of tenure-track versus tenured faculty members at four U.S.
institutions found that faculty on the tenure track experienced higher personal and physical strain
levels as well as lower levels of coping and recreation when compared to tenured faculty (Carr,
2014). While the tenure-track experience is challenging for all entering faculty, additional
hurdles documented for women in the male-dominated areas of science and engineering make a
difference in their prospects for professional advancement. The following sections summarize
the existing evidence about such hurdles.
The teaching, research, and service balance
The success of an academic career on the tenure system is evaluated based on excellence
in teaching, research, and service. At research universities, the relative weight of research
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activities tends to outweigh those related to teaching and service (Boyer, 1990). Many of the
hurdles experienced by women faculty in science and engineering are related to the lack of
balance across the performance in research, teaching, and service. The gendered division of labor
promoted in the academy, where “research is implicitly deemed ‘men’s work’ and is explicitly
valued, whereas teaching and service are characterized as ‘women’s work’ and explicitly
devalued” (p. 47), promotes a culture where women faculty tend to carry an uneven load of
teaching and service which limits their time for research activities (Park, 1996).
The difference in time allocation between men and women faculty is extensively
documented in science and engineering areas (Callister, 2006; Carrigan et al., 2011; COACHE,
2008; Jacobs & Gerson, 2004; National Academy of Sciences, 2007; O’Meara et al., 2017). A
quantitative study on the gendered division of labor among STEM faculty found that the
percentage of time spent in undergraduate instruction affects the average of yearly publications
negatively, while time spent in graduate instruction and research affects positively the number of
yearly publications. Since women in the study reported allocating more time to undergraduate
teaching, their research is the most affected (Carrigan et al., 2011). To address this issue,
institutions hiring faculty in tenure-track positions have been suggested to build structures where
the time of the assistant professor can be protected to devote more time to research (Trower,
2012). However, such disparities in time allocation have been found to be persistent even after
reaching tenure. A study of senior faculty found that women spent more time in service,
teaching-related activities, and student advising, while men spent more time in research
(O’Meara et al., 2017). The evidence on the limitations derived from the imbalance in teaching,
research, and service for women faculty might indicate that this is one of the elements
influencing their departure from institutions.
Socialization challenges
Another significant aspect of the experience of faculty in the tenure track is the quality of
their social interactions. Women in faculty careers in science and engineering have proven their
abilities while facing stereotypes and discriminatory and biased practices through their
undergraduate and graduate academic environments (Seaton, 2011). This phenomenon is known
as the “chilly climate” (Hall & Sandler, 1982) and persists across academic careers (Maranto &
Griffin, 2011). Elements of the “chilly climate” for women faculty include a low sense of
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belonging as well as isolation from social networks that incentivize stimulating intellectual
interactions. A study on the socialization of STEM faculty found that among the faculty of both
genders it was less likely they would engage in discussions about research with women faculty,
and when such discussions took place, women would be rated as less competent (Holleran,
Whitehead, Schmader, & Mehl, 2011). In her work, Rosser (2004) found that the low numbers of
women faculty in STEM resulted in feelings of isolation, the lack of role models, and the need to
work harder than male scholars to gain credibility and respect. Such negative social experiences
had a detrimental effect on the engagement of women faculty with their institutions and
increased their intentions to depart (Rosser, 2004).
Thorough evaluations of the experiences of women faculty in STEM indicate that,
besides experiencing a chilly climate and an unwelcoming community, women also identified a
lack of transparency in the rules and policies applied by their institution (Fox, 2008). Women
faculty in engineering have also described the disadvantages of having a prevailing male
administration. In a climate survey conducted by the University of Rhode Island, women faculty
still perceived some male faculty and administrators as treating women as second-class members
of the faculty, believing that women should care for their families, judging women by elements
not related to professional performance (e.g., appearance), and showing less respect to women
faculty in public interactions (Silver, 2006). Climate surveys at other institutions have reached
similar conclusions: that women faculty are less likely to report being treated respectfully and
more likely to report feelings of exclusion from informal networks and decision-making
structures (Liang & Bilimoria, 2007). Such perceptions influence the intentions of women
faculty to leave an institution significantly (Xu, 2008). Institutions need to ensure fair treatment
for all their members; therefore, addressing issues related to the “chilly climate” will be
paramount for their success in retaining women faculty.
Mentoring
To ameliorate the disadvantage of limited socialization, institutions have adopted
mentoring models to support the advancement of faculty on the tenure track and beyond (Buch,
Huet, Rorrer, & Roberson, 2011; Grant, Decuir-Gunby, & Smith, 2010; Wasburn, 2007). While
these strategies have helped all faculty, they have had a significantly positive effect on women in
male-dominated fields such as science and engineering (Montelone, Dyer, & Takemoto, 2003).
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Mentoring increases job satisfaction, and higher levels of job satisfaction benefit the retention of
women faculty in science and engineering as it relates to their productivity (Johnson, 2006).
Similarly, research in mentorship has shown that mentoring favors the prospects of tenure and
promotion for junior faculty (Kosoko-Lasaki, Sonnino, & Voytko, 2006). In fact, mentoring is
now part of the top strategies suggested for institutions to support the success of junior faculty in
the tenure track and their job satisfaction (Trower, 2012).
Research has shown that women faculty in science and engineering identify multiple
types of mentoring from which they can benefit during different stages of their academic careers.
A study on the effective mentoring relationships used by women faculty in science and
engineering resulted in a typology of three main mentoring strategies when receiving advice
from senior faculty: global mentoring, which is informal in nature and wide in scope, as it
includes career, teaching, and personal advice, and is more recognized as an ongoing relationship
across different stages of faculty advancement; formal mentoring, which is limited to tenure and
promotion advice and work-related issues; and informal targeted mentoring, which can be
formal or informal in nature and seeks to satisfy specific situational guidance required by the
mentee (Dunham et al., 2012). Besides mentoring received from senior faculty, peer mentoring
between junior faculty also has its benefits—not only as a validation strategy, which decreases
feelings of isolation, but also as a context for promoting new research relationships and
collaborations (Chesler & Chesler, 2002; Santucci et al., 2008). Group mentoring, by which
women can find a support network to break beyond the isolation of their own departments, have
also been successful in STEM (Yen, Quinn, Carrigan, Litzler, & Riskin, 2007).
Mentoring has been identified as an essential element influencing the success of senior
women faculty. A qualitative study conducted among 21 engineering women faculty at the
associate or full rank showed that informal mentoring was identified as one key factor that
influenced their professional success as well as their psychosocial well-being. Interestingly,
participants recognized that while male mentors were valuable support for professional success,
the availability of women mentors were paramount for their psychosocial well-being. Also,
participants had mixed perceptions about formal mentorship programs, because the success of
such relationships was significantly dependent on the level of compatibility of mentor and
mentee (Karpman, 2016). In another study, professional support in the form of mentoring was
recognized as one of the seven strategies used by senior women faculty of color in STEM to
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successfully navigate the tenure track (Soto, 2014). Ensuring that women and other minorities
have all the resources necessary for success is an important part of efforts to increase faculty
retention at institutions.
Work-life balance
In addition to the exposed challenges, the tenure track years tend to overlap with the
biological clock of women, making childrearing a decision that competes with professional
success (Williams & Ceci, 2012). Previous research has found that it is not uncommon among
senior women faculty to have opted for planning their pre-tenure pregnancies to give birth in
May, to postpone becoming pregnant until having reached tenure, or to limit the number of
children they have based on the tenure-track limitations (Armenti, 2003; Mason & Goulden,
2002; Ward & Wolf-Wendel, 2017). This evidence contributes to the view of academia,
especially during the tenure track, as a gendered space, since men do not experience many of the
described limitations.
The extensive documentation of the challenges to achieving work-life balance within the
tenure track at research-intensive universities have resulted in the new generation of Ph.D.
graduates to be less attracted to such positions (Cathy A. Trower, 2010). In a survey of more than
8,000 Ph.D. students in the University of California System, it was found that the career goals of
these students changed during their doctoral training. While 45% of men and 39 % of women
wanted professor positions at research-intensive institutions at the start of Ph.D., these
proportions were reduced to 36% and 27% respectively. Reasons behind such changes included
not wanting “lifestyles like those of their advisers” (p. 2) and women recognizing the lack of role
models that could manage work and family successfully (Mason, Goulden, & Frasch, 2009). It
has been documented that this effect of “graduate school socialization” alerts women about the
additional challenges they can expect to face in the tenure track (Ward & Wolf-Wendel, 2017).
To secure an increasing diversification of the faculty body in engineering, it is critical to ensure
that talented women faculty opting for tenure-track positions, despite this negative outlook, are
successfully retained.
A variety of family-friendly institutional policies, such as available high-quality childcare
services, dual hiring, and the possibility to stop the tenure clock, have been documented to have
a positive effect on the retention and promotion of women faculty from assistant to associate
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professor (Brockopp et al., 2006; Carter & O’Brien, 1993; Saldaña, Castro-Villarreal, & Sosa,
2013). Other initiatives have proposed the implementation of a half-time tenure, in which faculty
with any type of caregiving responsibilities can reduce their load to half in all aspects of tenure,
and consequently splitting the value of one year into two (Drago & Williams, 2000). Herbers’s
(2014) review of part-time tenure-track (PTTT) positions reports that there were 8,000 faculty in
such appointments during 2014. She makes the case for PTTT positions as strategies to enhance
faculty satisfaction, success, and retention (Herbers, 2014). Institutions need to keep innovating
to find the best policies to support the retainment and advancement of their faculty.
Parental leaves and stop-the-clock policies, which aim to decrease the burden of
overlapping between the tenure-track and the early stages of childrearing, are available at many
institutions. However, research has shown that women faculty are less likely to take full
advantage of such policies because of a variety of reasons. One example is “flexibility stigma,”
which describes sanctions experienced by workers that appear to violate the “ideal-worker”
scheme through the request of accommodations (Williams, Blair-Loy, & Berdahl, 2013).
Research has shown that flexibility stigma is a factor deterring both men and women faculty in
STEM from taking time off for caregiving purposes (Cech & Blair-Loy, 2014). This evidence
deserves questioning the efficacy of such initiatives. If faculty does not feel inclined to use
family-friendly policies despite their broad availability, institutions need to explore the factors
deterring faculty from using such accommodations, particularly in the context of the effect that
these tradeoffs have in their retention of faculty.
Support programs for women faculty in science and engineering
Many of the cited policies to support the advancement of women faculty in STEM have
been designed as part of official programs devised by institutions to recruit and retain in areas
where women are underrepresented. The publication A study on the status of women faculty in
science at MIT (Committee on Women Faculty, MIT, 1999) was an influential work
commissioned by the president of the Massachusetts Institute of Technology in the mid-1990’s
that lead to a swift reaction from the administration to address the different disadvantages
experienced by women faculty at the institution. It is argued that the initiatives spearheaded by
MIT initiated a chain reaction for the recognition of gender issues in science and engineering
institutions nationwide, who realized that the changes needed to support the advancement of
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women in sciences had to be institutional-level efforts in which cultural changes were required
(Bailyn, 2003).
As a result of this turning point in the perception of the barriers of women faculty, the
National Science Foundation (NSF) started programs to support institutional efforts for the
advancement of women faculty in science and engineering (Bird, 2011). These new approaches
displaced previous initiatives such as the Professional Opportunities for Women in Research and
Education (POWRE) program, initiated by NSF in 1997 and focused on facilitating the careers
of individual women scientists. Funding from POWRE awards were targeted to junior women in
science and engineering, allowing them to pursue their own research agenda and supporting their
academic success (Rosser, 2017). However, the new comprehensive view on the interlocking
elements that played a role for the advancement of women, especially those related to
institutional cultures, were derived in the adoption of initiatives related to institutional-level
change.
In a shift from the individual to the institutional, the NSF in 2001 started the ADVANCE
program, which aims to foster gender equity “through a focus on the identification and
elimination of organizational barriers that impede the full participation and advancement of all
women faculty in academic institutions” (National Science Foundation, n.d.). Supported by
existing research on the challenges of women faculty, such as those described in previous
sections, ADVANCE goals include increasing the representation and advancement of women
academics in STEM through systemic approaches, promoting gender equity in STEM in
innovative and systemic ways, and contributing to the creation of knowledge around equity
across gender and other identities of STEM academics. To reach its goals, ADVANCE sponsors
initiatives to conduct projects of institutional transformation as well as those related with
sustaining change (“ADVANCE Welcome,” 2017). In its first 15 years, ADVANCE has
awarded more than 270 million in funding among 150 institutions located in 47 states in the U.S.
(National Science Foundation, n.d.). The empirical research produced by ADVANCE initiatives
is extensive, providing evidence of the benefits of the different elements of the initiatives,
including recruitment and mentoring programs (Bilimoria et al., 2008; Fox, 2008; Grant et al.,
2010; Stewart et al., 2007; Valian, 2004).
While the benefits of support programs have been documented, the remaining challenges
have also been assessed. In a study analyzing the perception of continuing issues for academic
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women in science and engineering, Rosser (2013) found that women awardees of the POWRE
program between 1997 and 2000 identified that work-life balance remained an issue for women
faculty even after a decade of initiatives to ameliorate such problems. Overt discrimination and
harassment has not been reduced significantly during the observed decade, although issues with
stereotyping were reduced, most likely due to the increasing presence of women in science and
engineering fields (Rosser, 2013). These assessments incentivize other inquiries about the
effectiveness of initiatives targeting the advancement of women faculty. Questioning if the gains
in gender equity for faculty are derived from the established programs and the increasing critical
mass of women in these fields (Carrigan et al., 2011) will help inform which areas require further
attention in order to support the advancement of women academics in science and engineering.
2.3.3 The tenured stage: Associate or Full professor
Advancement to the full professor rank represents a significant achievement of
recognition and prestige on the academic professional ladder (Finnegan & Hyle, 2009).
Promotion to full professor is obtained after appropriate contributions to the field are
documented and evaluated by the institution and national and international recognition as a
scholar has been achieved (Chait, 2005). Nevertheless, because the lack of advancement between
the associate to full professor level does not imply any issues of job security, the reasons behind
it are understudied. Furthermore, it has been extensively documented that women are less likely
to be promoted to full professor, and in general take more time to do it than their male
counterparts. A 2009 survey found that women took one to 3.5 years longer than men to attain a
promotion to the full professor rank (Modern Language Association, 2009). One of the early
studies identifying the factors related to the success of women promotion from associate to full
professor found that the odds of becoming full professor for women were lower by 40% than the
odds for men. Additionally, scientific productivity (measured through the number of
publications) was also related to the success of women to a higher extent than to the success of
men (Long, Allison, & McGinnis, 1993).
Considering such gender differences, studies exploring the experiences of women faculty
have found that the promotion process from associate to full professor and its criteria tend to be
unclear for faculty of both genders (Gardner & Blackstone, 2013). However, the experiences of
women faculty were gendered in a variety of ways. For example, in a study of the experiences of
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women faculty applying for a promotion from associate to full, women faculty were more likely
to be suggested to “withdraw” their application for promotion before it went through the
evaluation process, making it more likely for them to do so. Ironically, a woman that focused her
research on issues of women in STEM was herself discouraged to continue the promotion
process by her colleagues (Gardner & Blackstone, 2013). This supports previous evidence that
research done in non-traditional areas and research performed by women tend to be discredited
(Griffin, Gibbs, Jr., Bennett, Staples, & Robinson, 2015).
Evidence has also been provided against the commonly held belief that increasing the
number of women at the junior levels will eventually result in women reaching the higher levels
of the academic path (Danell & Hjerm, 2013; Thomas et al., 2015). In their study of the stories of
associate women faculty, Strout and colleagues (2007) found that participants were exposed to
gender discrimination in a variety of experiences including those involving students (through
teaching evaluations) as well as colleagues (being suggested to “wait” until other male
colleagues also apply for promotion). Faculty in this study also identified the lack of clarity of
the promotion process as a main barrier for their advancement. Their experiences often resulted
in feelings of resignation, leaving them to question if the promotion process was worth it at all.
Institutions have been interested in monitoring and advancing the promotion of women
from the associate level to full professor. Geisler and colleagues (2007) devised the “13+” club,
which is the pool of faculty that have reached the 13 year mark after terminal degree and should
have achieved the associate rank. The ratio of proportions of women and men faculty in the club
has been considered an indicator of advancement in gender parity on the promotion from
associate to full professor. The use of the “13+ index” to promote women faculty advancement
through the academic ladder has been successfully documented at one institution.
An assessment of the barriers to promotion of associate professors at the University of
North Caroline (UNC) showed that men and women reported similar challenges, although a
higher proportion of women faculty reported facing them. The challenges involved (1) paying
little attention to career planning, (2) lacking the institutional/departmental attention and support
to their career development needs, (3) lack of mentoring from more senior faculty, (4)
disproportionate demands on service and administrative duties, (5) lack of clarity in the
promotion criteria, and (6) the need of flexibility in recognizing contributions leading to
promotion. A program to address such challenges and support the advancement of mid-career
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faculty was implemented successfully at UNC, particularly in terms of closing the gender gap
among faculty perceiving the persistence of the cited challenges (Buch et al., 2011).
While a lot has been done to ensure barriers for women advancement are reduced, there is
also qualitative evidence that a gendered culture might be perpetuated by women faculty
themselves. A study found that gendered expectations and norms were used by 30 STEM women
faculty to distance themselves from women that they perceived as deviating from such
expectations and norms (Rhoton, 2011). The faculty in the study “distanced” themselves from
other women faculty in different ways, including avoiding women faculty that were “emotional”
and keeping themselves from conveying “typically” feminine behaviors. In addition, they
distanced themselves from other women by denying the problem of gender equality. One
participant recognized the following about her own behavior:
I tend to avoid the women on campus in the STEM fields who are really big about
promoting women. I know that sounds horrible. But I feel like if you don’t make a big
deal of it and you don’t waste a lot of energy on it, you can just be successful doing what
you’re doing. (p. 708)
Such distancing might contribute to the perpetuation of the gendered elements of academia in
engineering.
Attending the evidence on distancing, a study exploring the experiences of 102 associate
and full professors in different areas found that women were likely to “minimize or deny
gender’s importance in interactions” (Britton, 2017, p. 5). During their experiences with
colleague interactions, organizational structures, and the workplace culture, gender never came
up as a salient characteristic unless it was explicitly brought in by others. Therefore, gender
“took on a ‘now you see it, now you don’t’ character that allowed women to ignore it or
minimize its significance” (p. 22). The fact that the majority of the women faculty in Rhoton’s
study were in the associate and full ranks, and that all faculty in Britton’s study held such ranks
as well, might be an indicator of a socialization effect, where women faculty’s identity as
researchers (within a male-dominated paradigm) is more salient, and therefore other dimensions
of their experiences are not given similar weight. If that is the case, it would have significant
implications for the new generations of women faculty. For while the numbers of women faculty
at higher ranks might increase, the ability and/or willingness of senior women faculty to support
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junior women faculty might be compromised by limited views on the role of gender in faculty
advancement.
2.4 Retention and promotion in engineering across gender
I have described the gendered elements of the tenure system and the challenges faced by
women at its different stages in their academic career, specifically in science and engineering.
This section will summarize existing research on gender differences in faculty retention and
promotion, and the evidence for the specific case of engineering. This will help to locate where
this work contributes to the current body of literature.
Studies in faculty retention and promotion have used different approaches. One approach
tries to identify factors influencing faculty departures from an institution (e.g., Daly & Dee,
2006; Rosser, 2004; Ryan, Healy, & Sullivan, 2012; Smart, 1990; Xu, 2008b). Quantitative
studies of this type have identified factors affecting the probability of faculty departure, such as
research productivity, salary, and job security (Ryan et al., 2012; Zhou & Volkwein, 2004);
perceived work-life satisfaction, issues related with professional development, and the amount of
service activities required (Rosser, 2004); and career and organizational satisfaction (Smart,
1990) and tenure status (Rosser, 2004; Smart, 1990; Zhou & Volkwein, 2004). In many of these
studies, the effect of those factors was stronger for women faculty (Rosser, 2004; Zhou &
Volkwein, 2004). On the other hand, qualitative studies have identified that professional
relationships, the nature of faculty work that is heavily focused in research, and the resources
available are among the most important factors influencing the perception of faculty considering
departure for having unmet expectations from institutions (O’Meara, Bennett, & Neihaus, 2015).
Many of the factors identified have also been documented to be part of the additional challenges
faced by women faculty (Bailyn, 2003; Mosley & Hargrove, 2014; Stewart, Malley, & LaVaqueManty, 2007), therefore supporting the hypothesis that women faculty might be likely to depart
their institutions.
Initiatives to study institutional faculty retention have grown in the last few decades.
Some of them started because of the interest in identifying the disadvantages faced by women
and faculty of color in obtaining tenure (Trower & Bleak, 2004). Such is the case of the
Collaborative on Academic Careers in Higher Education (COACHE), a research-practice
partnership based at the Harvard School of Education that is focused on systematic data
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collection through faculty surveys that allow the rigorous study of faculty satisfaction and their
advancement (COACHE, 2018). Studies with data from COACHE have identified the factors
behind faculty departures in a variety of fields, such as business (Bouvier, 2013), medicine
(Kevorkian & Tuel, 1994), nursing (Emory, Lee, Miller, Kippenbrock, & Rosen, 2017), the
humanities (Dianne L Bouvier, 2013), and engineering (Young, 2012).
Research in STEM areas using data from COACHE and other faculty surveys have
shown that the causes of departure for faculty differ across areas of science. In her study of
faculty attrition in STEM disciplines, Xu (2008b) found that departures among faculty in the
social and health sciences were influenced by personal characteristics, but faculty in engineering
were most influenced by perceived research pressure and organizational support levels. This
supports the need to study the phenomenon of faculty retention within specific disciplines. The
significant role of engineering in U.S. higher education and the economy (National Academy of
Sciences et al., 2007) makes faculty retention and promotion in engineering an important
phenomenon to analyze.
The second approach that the research in faculty retention and promotion has taken is that
of evaluating the effect of policies that have existed or have been recently implemented. Each
institution of higher education establishes their own policies regulating the tenure and promotion
(T&P) process (e.g., “Purdue University Policies - I.B.2” [Purdue University, 2015]); however,
different policies have different effects on faculty retention. For example, O’Meara (2015)
studied the effect of an institutional policy requiring faculty to obtain external offers for
comparable positions in order to get a salary raise. She found that the need to find such offers
would push faculty “half-way-out” of the institution, making them more likely to leave once
such offers were obtained. Faculty leaving, faculty remaining, and administrators at the studied
institution all recognized that such a policy “decreased loyalty to the institution by fostering
resentment” (p. 292), which decreased organizational commitment and resulted in the loss of
productive and promising early career faculty. In a follow-up study (O’Meara, Fink, & WhiteLewis, 2017), it was also identified that men were more likely to secure outside offers than
women.
On the other hand, research has also shown limited positive effects of policies designed
with the intention to support faculty advancement. The study conducted by Brockopp and
colleagues (2006) analyzed the perceived effectiveness of 35 university-based activities designed
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to improve recruitment and retention of women faculty in science and engineering. Women
faculty in the study identified the institutional efforts to change the culture to be very valuable;
however, they still perceived barriers to use family-friendly policies due to cultural stigma and
pitfalls in the established mentoring structures. It is important to keep assessing which
institutional efforts result in real advancement of women faculty, as well as which established
practices keep limiting the efforts of retaining valuable faculty and need to be modified.
The third approach taken on analyzing faculty and retention is that of descriptive
quantitative studies that gauge the status of faculty at certain institutions or fields. Instead of
focusing on the reasons for faculty retention and promotion, these studies focus exclusively on
describing what faculty retention and promotion looks like within a given institution, or, when
the analysis of multiple institutions is feasible, within fields. These studies help to assess
potential large-scale disparities that might indicate the presence of elements such as gender or
racial disparities in faculty advancement that might be documented previously by small-scale
research. Retention times, rates of success, and times to tenure and promotion have been the
focus of these type of studies, which have been conducted through event history analysis, also
known as survival analysis (Box-Steffensmeier et al., 2015; Kaminski & Geisler, 2012; Tamada
& Inman, 1997). Tamada & Inman (1997) presented what is probably the first approach to
compare faculty retention across gender. Using historical data from college catalogs of a
selective, private, liberal arts college about faculty during the period 1960–1994. Their analysis
of retention time by gender of 339 full-time tenure-track faculty during the considered period
showed no difference between the retention times of men and women faculty at that institution.
Kaminski and Geisler (2012) conducted the first multi-institutional study of faculty
retention in the areas of science and engineering. Their study describes the length of stay of a
total of 2,966 assistant professors in science and engineering across 14 U.S. institutions, with the
goal of exploring potential differences in length of stay by gender. Their data was also collected
through publicly available college catalogs, while faculty gender was inferred through faculty
name. Using survival analysis, they found no difference in the length of stay by gender across
most of the considered fields, including engineering. Only the field of mathematics showed a
significant difference in the retention time across gender, with men staying a median of 7.33
while women stayed only 4.45 years. The median time to departure for all faculty in the study
was 10.9 years, which exceeds the 10-year retention threshold suggested by Callister (2006); the
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four engineering fields included in the analysis showed a median retention time higher than the
general mean. However, the reliability of the statistical analysis performed within different fields
could be questioned because of the low prevalence of women in engineering, which might limit
the power of statistical analyses. Furthermore, institutions in the study had different
characteristics, such as source of control (private/public) and research intensity, a factor which
justifies further inquiries. Nevertheless, Kaminski and Geisler (2002) set a precedent for the
multi-institutional quantitative analysis of faculty institutional retention and for the first attempt
to capture faculty retention on a large scale within specific fields.
Box-Steffensmeier and colleagues (2015) extended the work of Kaminski & Geisler
(2012), using the same data collection methods and data analysis techniques to explore faculty
retention and promotion and their potential gender differences in the social sciences. Their
results did not show any significant effect of gender in the faculty retention time, but they did
find that men were more likely to be promoted to associate professor than women. One of the
main limitations of Kaminski & Geisler (2012) and Box-Steffensmeier et al. (2015) is that they
both rely on data exclusively on faculty arriving as assistant professor. However, not all faculty
trajectories at an institution follow the linear trajectory from assistant to associate, and from
associate to full professor. A lot of talented faculty might be attracted by an institution after
having been promoted to an assistant professor at a previous university. Institutions hiring
faculty at the associate and full professor levels are also interested in their retention. In fact, the
investment made by institutions to attract senior faculty is higher (Ehrenberg et al., 1991).
Therefore, ignoring such alternative paths is an oversimplification of the retention process.
Another extension of Kaminski & Geisler (2012) used the institutional records of four
universities to analyze differences in retention and promotion across gender and race in the
science and engineering fields. Using a limited sample of four land grant institutions, the authors
found that women in engineering were more likely to leave without tenure than men (Gumpertz
et al., 2017). The study by Gumpertz and colleagues (2017) included the analysis of time to
promotion to full professor, finding similar median times to promotion between men and women
in engineering and the mathematical and physical sciences, but not in the agricultural, biological,
and biomedical sciences, where women took two years longer to reach such promotion. Results
from Gumpertz et al. (2017) entice further inquiries, especially as it relates to specific areas
where differences were evident. Furthermore, the disagreement between the results obtained by
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Kaminski & Geisler (2012) and Gumpertz et al. (2017) invite additional large-scale examinations
of the phenomenon of retention and promotion across gender in engineering.
2.5 Summary
The presented synthesis of literature captures the variety of areas that have been found to
generate additional challenges for science and engineering women faculty within the tenure
system. These challenges are numerous and varied before and along the tenure-track stage,
including restrictions related to finding accommodations for dual careers, lack of balance
between their teaching, research, and service functions, limited socialization, and the scarcity of
mentors. Furthermore, the hurdles did not end once they reached the coveted position of
associate professor and/or reach tenure. Furthermore, the scarcity of information and support is
persistent throughout their efforts to move to the rank of full professor. The scant numbers of
women faculty at the higher academic ranks perpetuate the stagnant pace towards gender equity
in the field of engineering, as they are not able to reach leadership positions that can contribute to
enact change. Although numerous initiatives have been established to support the advancement
of women academics in science and engineering, the multiple barriers documented in the
literature motivate hypotheses about potential persisting gender differences in the retention and
promotion process among engineering faculty.
Most of the existing literature studying faculty retention and promotion is focused on
either the factors causing faculty departures or the assessment of the effectiveness of certain
institutional policies oriented towards improving faculty retention and promotion. A variety of
quantitative studies in the causes of faculty retention show elements such as research
productivity, salary, and job security (Ryan et al., 2012; Zhou & Volkwein, 2004), perceived
work-life satisfaction, issues related with professional development, and the amount of service
activities required (Rosser, 2004), career and organizational satisfaction (Smart, 1990), and
tenure status (Rosser, 2004; Smart, 1990; Zhou & Volkwein, 2004) as affecting the probability
of faculty departure. While these studies provide significant insights on the potential strategies
institutions could use to promote faculty retention and promotion, they rely on data collected
through surveys, presenting a variety of challenges. In addition, research evaluating the
effectiveness of policies is mixed; while the effect of some policies is generally positive, the
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effects of other institutional policies are noticeably negative, such as policies of requiring
external offers to obtain a promotion (O’Meara, 2015).
Finally, some studies have measured faculty retention and promotion at the institutional
level or within a field. These explorations are important because they provide a large-scale
description of potential differences across gender that in turn might indicate the need of further
attention and actions by institutions. Existing studies of this type have explored science and
engineering (Gumpertz et al., 2017; Kaminski & Geisler, 2012), and the social sciences (BoxSteffensmeier et al., 2015). The difference between their results, especially those related to the
engineering field, warrant further exploration.
In this work, I will expand the thread of descriptive studies started by Kaminski &
Geisler (2012) with a study focused on the field of engineering. While Gumpertz et al. (2017)
explored faculty in science and engineering, their exploration only considered four institutions.
Additionally, the heterogeneity of the sample studied by Kaminski & Geisler (2012) in terms of
the types of institution involved indicates the need to control for such heterogeneity in order to
draw more solid results. In this study, the inquiry about faculty retention and promotion across
gender will use a larger sample of public institutions categorized as highest-research doctoral
(R1-public) and will be focused exclusively in the field of engineering. Such an analysis will
allow me not only to study large-scale evidence of gender disparities in engineering as a whole,
but also to explore potential differences among existing engineering areas.
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3. METHODS

This chapter covers the different methods used to answer the considered research
questions. First, I present the operationalization of faculty tenure and promotion used in this
work; this allows for delimiting the reach of the inquiries as well as the additional perspectives
presented in this work. Second, I introduce the two theories framing this research: (1) the theory
of gendered organizations (Acker, 1990), with the extended concept of universities as
incongruous, gendered bureaucratic structures (Bird, 2011), and (2) critical mass theory (Kanter,
1977). Together, these theories build the framework supporting the quantitative research
hypotheses on the potential gender differences in institutional retention, time to promotion to
associate, and time to promotion to full faculty in engineering. Third, I describe the different data
sources used to conduct the corresponding inquiries. Fourth, I explain the analytic tools based on
event history analysis, including its basic elements and the specific methods of Cox proportional
hazard and subdistribution hazard models, as well as complimentary methods to explore
differences in the success rates between men and women faculty (e.g., chi-square test of
association and logistic regression). Finally, I offer a summary of the assumptions made and the
limitations derived from the data used and its analyses.
3.1 Defining Faculty Institutional Retention and Promotion
In this section, I include a definition of the different events comprising faculty
institutional retention and promotion in the context of this work, as well as their
operationalization and interaction. Faculty institutional retention can be broadly defined as a
university’s ability to retain its faculty. On the other hand, faculty promotion refers to the
advancement through the possible ranks of an academic appointment. There are two main
possible types of promotion in the tenure system: (1) promotion to associate professor, and (2)
promotion to full professor. Both events have relevant implications, but the promotion to
associate professor often implies the earning of tenure, which has significant implications for job
security. While in some cases faculty might be granted the associate level without tenure,
accounts of such cases are often limited to anecdotes within departments or institutions (Youn &
Price, 2009), making it difficult to estimate how prevalent such cases are. In this study, I am
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assuming that the promotion to associate professor involves the earning of tenure; therefore, I
will use these terms interchangeably.
Despite the different definitions, faculty institutional retention, promotion to associate
professor, and promotion to full professor depend on each other. That is, faculty cannot reach
tenure or be promoted to full professor if they do not stay a certain time at the institution.
Similarly, not being promoted to associate professor may cause a faculty departure, and being
promoted to a higher rank might incentivize a longer permanence at an institution. Therefore, the
study of faculty retention should be complemented by the study of faculty promotion at different
stages of the faculty career. Figure 3.1 illustrates the possible paths from hiring (dashed circle) to
departure (gray boxes) at different stages of the academic tenure system. The length of such
paths denotes the time of institutional retention for each case. Additionally, the segments
between the assistant, associate, and full professor boxes denote the time to faculty promotion.
From the considered entries and exits, six unique paths can be studied:
(1) faculty entering as assistant professor and leaving at the same rank; this path is difficult
to characterize in terms of its causes because the departures can be voluntary (better
opportunities somewhere else) or involuntary (unsuccessful tenure reviews).
(2) faculty entering as assistant and leaving after being promoted to associate professor; this
can be perceived as a natural progression of faculty advancement after a positive tenure
review (dashed line).
(3) faculty extending the promotion of case (2), starting as an assistant professor and ending
as a full professor (brown line).
(4) faculty that are hired at the associate level, usually already with tenure, can decide to stay
at that level and depart or retire without the need to engage in a promotion review (large
dashes line).
(5) faculty that enter at the associate level and successfully navigate the promotion process.
(6) faculty entering at the full professor level, after which the only possible advancement is
that of named or distinguished faculty positions (thick black).
While current research has focused on only a few of these paths (Gumpertz et al., 2017), this
study aims to take a more detailed view of all possible paths between hiring and departure of
faculty within an institution.
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Figure 3.1. Different paths of faculty institutional retention, and the promotion processes
involved.
The paths illustrated in Figure 3.1 are simplified in different ways. First, they do not
capture the points where faculty are evaluated for different promotions, as it is not possible to
verify if faculty were engaged in the evaluation process or not. This is particularly important for
faculty moving from the associate to full level. While for the case of promotion to associate there
is a determined timepoint for such evaluations, faculty at the associate level might remain at the
institution without ever engaging in an evaluation to full professor or might have tried multiple
times unsuccessfully. Nevertheless, in this study the interest around promotion is limited to
identifying if it happened rather than when it happened.
Second, Figure 3.1 does not capture paths after the full professor stage, such as emeritus
professor. However, the responsibilities and compensation of emeritus faculty are not
comparable to those of active faculty. Similarly, no alternative paths before starting as an
associate professor are considered. In many cases faculty hired in temporary positions (e.g.,
visiting assistant professors) transition to a tenure-track job, assuming that their scientific
production might count towards their success in the tenure-track; however, because the interest
of this work is limited to the tenure-track time, such allowances are excluded.
Third, it does not contain any type of evaluations conducted pre- or post-tenure. Such
evaluations have been established by many institutions to ensure a sustained productivity of their
faculty after the achievement of important milestones (AAUP, 1999). Since the study of
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retention in this work is more descriptive rather than explanatory, such details are deemed
unnecessary.
Finally, the usual time to certain events has not been denoted; for example, the usual
length of time between being hired as assistant professor and having a tenure review is six years.
However, there is the case of faculty that were assistant professors elsewhere before being hired
at their current institution. In such cases, the faculty might opt to go through the review sooner.
Or, on the other hand, a faculty member may request an extension of the tenure clock, in which
case the time to tenure goes beyond the six-year mark. Therefore, no expected time was marked
within this or any other event in the graph.
3.1.1 Operationalizing Faculty Institutional Retention and Promotion
In this study, I operationalize faculty institutional retention as the time that faculty remain
at institutions, i.e., the timespan between their entry and departure. Furthermore, I operationalize
faculty promotion through the rate of success on achieving a promotion and the time to obtain
such promotion.
I have previously shown the evidence on the gender differences in the rates of promotion
to the ranks of associate and full professor in engineering (see section 2.2); such evidence
supports the inclusion of rates of success as part of the operationalization of faculty promotion.
On the other hand, studying the timespan required for such promotions has implications for
institutions because promotion is esteemed as a way to recognize valuable employees and is
expected to incentivize their permanence (Cobb-Clark & Dunlop, 1999). However, the time to
each of the possible promotion events for faculty in the tenure system are different in nature. The
time to promotion to associate (or time to tenure) has an expected length determined by the
tenure and promotion schemes of each institution (usually six years), while the time to promotion
to full is not restricted in any sense. Therefore, studying such times separately would contribute
to a more nuanced picture of the phenomenon of faculty promotion in engineering.
Table 3.1 summarizes the concepts of interest of this study, the events involved in their
exploration, and the proposed operationalizations in the context of this study. To simplify the
narrative of the next sections, promotion to associate will be simply referred simply as Tenure,
while promotion to full will be referred to simply as Promotion. Consequently, Institutional
Retention, Tenure, and Promotion will be referred to as the central elements in this study.
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Table 3.1. Summary of events and operationalization of faculty promotion and retention.
Concept of
interest

Events involved
Starting event

Faculty
Institutional

Hiring at any rank

Retention

Ending event
Departure at
any rank

Operationalization
Time between faculty
entry and departure at
any rank
• Faculty rate of success

Promotion to
associate professor
(Tenure)

on achieving associate
Hired at the rank of

Obtaining

assistant professor

tenure

(tenure)
• Time to promotion to
associate (i.e., Time to
Tenure)
• Rate of success on

Promotion to full
professor
(Promotion)

achieving full
Hired as or promoted

Promoted to

to associate professor

full professor

professor rank
• Time to promotion to
full professor (i.e.,
Time to Promotion)

3.2 Theoretical Framework
This study uses the theory of gendered organizations (Acker, 1990) as a lens to
quantitatively study if any differences exist between men and women engineering faculty
Institutional Retention, Tenure, and Promotion. This lens aligns with the view of universities as
“incongruous, gendered bureaucratic structures” (Bird, 2011). Furthermore, critical mass theory
(Kanter, 1977) is also considered as a tenet supporting the hypotheses explored in this work.
3.2.1 Theory of Gendered Organizations
The second wave of feminism in the late 1960’s and early 1970’s opened a conversation
about how organizations were influenced and structured around a social stratification based on
gender (Acker, 1973; Acker & Van Houten, 1974). Feminist and organizational theories were
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brought separately to the forefront during those decades; however, the study of gender in
organizations analyzed gender as an individual effect within gender-neutral organizations. Acker
(1990) argued about the need for a systematic theory of gendered organizations that recognized
how organizational structures, hierarchies, and assumptions are not gender-neutral, but
perpetuate a system of control that hinders women.
Acker’s theory considers five processes that make organizations gendered: (1) the
division of labor is gendered (e.g., women are concentrated in the lower ranks); (2) there are
symbols and images strengthening the gendered division of labor, such as the representation of
managers as males; (3) gendered interactions perpetuate patterns of dominance and submission
by, for example, legitimizing excessive interruptions of women by male colleagues when talking;
(4) gendered elements become embedded into individual identities that will influence the
individual to present him/herself in certain ways (e.g., choice of work, language, clothing, etc.);
and (5) gender is an essential part for conceptualizing social structures, for example, when
defining categories of organizations. In this sense, saying that an organization is gendered
“means that advantage and disadvantage, exploitation and control, action and emotion, meaning
and identity, are patterned through and in terms of a distinction between men and women,
masculine and feminine” (Acker, 1990, p.146). Therefore, hierarchies within organizations
become unavoidably intertwined with the differentiating effects of gender.
Universities can be analyzed as gendered organizations because many rules, practices,
and structures cause the uneven distribution of women within academic hierarchies (Martin,
1994). A variety of these limitations were reviewed in section 2.3. These effects cumulatively
provide evidence that universities are gendered organizations. Since its inception, the theory of
gendered organizations has been used extensively to study gender disparities in different
organizations, particularly in the study of women faculty experiences in STEM (Carrigan et al.,
2011; Hart, 2016; Young, 2012).
Based on the reviewed literature, there is evidence to support that the five elements of a
gendered organization apply to the case of women faculty in science and engineering, which
supports the use of the theory of gendered organizations as the analytical framework of this
study. While the research focused exclusively in engineering is scarce (Karpman, 2016; Young,
2012), the current evidence including women engineering faculty in many studies provides the
ground for the connections proposed here. Additionally, it points out the need for more
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engineering-specific quantitative and qualitative studies analyzing the experience of women
faculty. Since all these elements were extensively explored in Chapter 2, the correspondence
between Acker’s theory and the existing evidence is summarized in Table 3.2.
Table 3.2. Evidence aligned with the five elements of the theory of gendered organizations
Elements of gendered
organizations
(Acker, 1990)

(1) Division of labor

(2) Symbolism

(3) Interactions

Elements of the gendered experiences
of women faculty in engineering and
their evidence
Lack of balance between teaching, research, and
service activities (Callister, 2006; Carrigan et al., 2011;
Jacobs & Gerson, 2004; National Academy of
Sciences, 2007; O’Meara et al., 2017; Young, 2012)
Lack of role models (Rosser, 2004), prevailing image
of male administrators (Silver, 2006), use of gendered
elements excluding women (Page, Bailey, & Van
Delinder, 2010), unclear criteria for promotion at the
different levels (Gardner & Blackstone, 2013; Fox,
2008; Buch et al., 2011; Yen et al., 2007; Young, 2012)
Isolation and the need to work harder than male
scholars to gain credibility and respect (Holleran et al.,
2011; Rosser, 2004; Silver, 2006; Xu, 2008; Young,
2012)

(4) Identities

Issues of work-life balance, competing priorities
between professional success and childrearing
(Williams & Ceci, 2012; Mason & Goulden, 2002;
Ward & Wolf-Wendel, 2017), distancing from gender
identity and denying women’s issues (Rothon, 2011;
Britton, 2017)

(5) Social Structures

Exclusion from informal networks (Liang & Bilimoria,
2007), positive effect of mentoring (Chesler & Chesler,
2002; Dunham et al., 2012; Karpman, 2016; Soto,
2014)

Universities as incongruous, gendered bureaucratic structures
Drawing from theories of gendered organizations, Bird (2011) presented a
conceptualization of universities as “incongruous, gendered bureaucratic structures.” This
concept reflects how universities are similar and different from other types of organizations,
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allowing for a specific characterization of universities as units of study of organizational change.
Universities are similar to other organizations in the sense that faculty employees are divided by
the tasks they perform, which is represented by the segregation of women and men differently
across fields and ranks and the concentration of males in leadership roles (Nelson & Rogers,
2004). Furthermore, the division of labor often concentrates certain additional functions to
women which are not always rewarded, such as teaching and service (O’Meara, 2002).
Therefore, universities are guided by “hegemonic masculine ideas that inform decisions about
employee (faculty) pay and promotion” (Bird, 2011; p. 204).
To study the performance of universities, it is also important to analyze the ways
universities differ from other complex work organizations. The main difference is that
universities, functioning as professional bureaucracies, rely on faculty to promote other faculty
through the tenure and promotion ranks. This dependence on faculty to evaluate probatory
candidates is a necessity derived from the level of specialization within each area of knowledge.
However, it also represents a risk if the department-level views held by colleagues depart
significantly from institutional objectives. For example, while universities proclaim a mission
guided by excellence in teaching, research, and service, the departmental cultures might deviate
from such a tripartite mission, accentuating research as the main criteria for faculty success
(Blackburn & Lawrence, 2002).
In Bird’s (2011) view, the decentralized decision-making structures of universities and
the high autonomy of departments result in inconsistent information about policies and
procedures across the different levels of the university. The incongruence between formal
expectations established by institutions and the informal practices promoted at the department
level tend to create conflict for the probationary faculty who might feel inclined to follow the
institutional mission but will ultimately be evaluated under the department-level philosophy.
These incongruences—added to the challenges of women faculty experience as they navigate
through their faculty career, including work-life balance issues and a limited access to informal
networks—complete the image of universities as incongruous, gendered bureaucratic structures.
The view of universities as incongruous, gendered bureaucratic structures aligns with the
hypotheses presented in this work where the focus of interest is on the institutional retention of
engineering faculty across gender. Because institutional retention involves the successful
advancement through the faculty ranks, such advancement is influenced by the described
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decentralized decision-making structures and gendered practices that have been documented to
take place within engineering departments (Banerjee & Pawley, 2013). In addition, studying
universities as gendered organizations also implies the need for interventions at the
organizational level to eradicate such biases. In the case of the advancement of women faculty in
science and engineering, the ADVANCE program promoted by the National Science Foundation
is an example of a high-level institutional commitment to eradicate the barriers of the
advancement of women faculty. The adoption of ADVANCE initiatives reflects that issues of
gendered practices and structures have been recognized especially within engineering and
science programs.
3.2.2 Critical Mass Theory
The study of organizational demography recognizes that the size of different groups
within an organization impacts the quality of their relationships and consequently the
experiences of the members of such groups within the organizational context (Pfeffer, 1985).
Employees of similar backgrounds are more likely to like, support, encourage, and promote each
other. In this sense, it is argued that organizational turnover is partly caused by disagreement and
conflict within the organization, “as well as by a lack of social integration within the social
structure” (p. 72). This has significant implications for women faculty in engineering, where they
represent a minority group that might be impacted by such limited presence.
Focusing on the dynamics between groups of different proportional representation,
Kanter (1977) developed a theory describing four different types of proportion distributions,
which is explained in the context of gender. First, uniform groups are composed exclusively of
one type of category, i.e. same gender groups. Second, skewed groups are predominantly
composed of the majority group (e.g., an 85:15 men to women ratio). Third, tilted groups are less
extreme, representing more even ratios between both groups (e.g., a 65:35 ratio). Fourth and
finally, balanced groups have equal representation of men and women. The shift of a group from
a uniform to a balanced proportion reflects significant change in the culture because it represents
the integration of the views and contributions of the group whose representation has increased. It
can be argued that as the proportion of women increases in a group, their experiences with
tokenism will decrease, increasing the sense of belonging to the organization as a minority group
rather than tokens. This legitimizes them as members of the organization, allowing them to
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detach from sex-type roles and be evaluated on the basis of their individual contributions rather
than their gender-based expectations (Etzkowitz, 2000; Kanter, 1977).
Considering this move from token-to-minority, it has been considered that a 15%
“threshold” proportion defines critical mass or ‘strong minority.’ This threshold has been used to
explore the hypothesis that once this tipping point is reached the experiences and satisfaction of
women faculty in STEM are improved (Carrigan et al., 2011). However, the use of the 15%
threshold should consider additional circumstances that might not reflect what Kanter’s theory
proposes; even though the organization-level proportion might reach that point, the
representation at lower levels (e.g., at the department level) might differ. Other factors might also
split the minority group further—for example, between international and domestic women
faculty. Therefore, while reaching a critical mass can explain some advancements in terms of
gender equity, other elements must be considered when interpreting results in light of this theory.
In this study, while critical mass is not implicitly included in the proposed hypothesis, it is
recognized as a potential mediator to the advancement of women faculty in engineering. This is
recognized as all the institutions in this study have a proportion of women engineering faculty
beyond the 15% threshold. Acknowledging such elements will enrich the interpretations of the
results obtained in the proposed inquiry.
Another perspective of critical mass within the context of gender is offered by Kramer et
al. (2006) concerning the number of women within a decision-making body (e.g., a corporate
board). The critical mass in this context is proposed to be reached at a minimum of three women.
This theory has been explored in the context of faculty gender diversity within U.S. institutions,
and it was found that when there is a critical share of women trustees on the board, the expected
share of women faculty increases (Ehrenberg, Jakubson, Martin, Main, & Eisenberg, 2010).
While this perspective of critical mass is important in the context of faculty advancement,
inquiries in this study are better aligned with Kanter’s definition of critical mass.
Figure 3.2 represents the relationship of the theoretical concepts considered in this work.
This study aims to explore institutions with engineering programs and the retention of their
faculty, as well as their success at tenure and promotion. Faculty experiences are represented by
the dotted arrow which extends from entry to the institution to departure. While the experiences
of faculty are not explicitly part of this inquiry (i.e., I am not measuring experiences), the
extensive evidence on the gendered experiences of women faculty in science and engineering
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allows hypothesizing that such experiences influence the phenomena of institutional retention,
tenure, and promotion. Finally, critical mass theory influences the dynamics of the whole
institution, so it is represented as an influential element in the whole system under analysis.

Figure 3.2. Representation of the theoretical frameworks considered in this work and their
relationship with the study of faculty institutional retention, tenure, and promotion.
3.2.3 Theoretical limitations
It is important to underline that my decision to use a framework exclusively focused on
gender is bound to the limitations of the data I could collect. It is now widely recognized that
gender is not an independent factor when studying organizational inequality regimes, as it is also
tied to race and class (Acker, 2006; Crenshaw, 1989; Hill Collins, 2015). In this sense, women of
ethnic minorities in academia face a double-bind in their experiences that is related to both
gender and race (Malcom & Malcom, 2011; Malcom, Hall, & Brown, 1976). In addition, it has
also been documented that males of ethnic minorities have qualitatively different experiences
than their White counterparts (DeCuir-Gunby, Grant, & Gregory, 2013). I recognize that it is
important to study such interactions between gender and race among engineering faculty in a
quantitative study of this type. However, the data collection procedures that were feasible for this
work did not allow for such an exploration. Addressing these challenges about the data collection
process would be valuable for future research endeavors.
Another limitation is that I use a dichotomous definition of gender (i.e. focusing
exclusively in women and men). However, I recognize that a more nuanced definition of gender
is needed, one that can acknowledge a wider diversity of biological characteristics and other

41
aspects of gender identity. The lack of more inclusive definitions of gender continues to promote
the study of gendered spaces and gendered organizations as binary, and we therefore fail to
recognize people that do not fit within this binary definition, such as intersexed and
transgendered populations, which are small but highly marginalized groups. By preserving
dichotomous views in the study of gendered experiences the marginalization of those minority
groups are perpetuated (Doan, 2010). While the definition of gender was not the focus of this
inquiry, this theoretical limitation invites others to start challenging the dichotomous definition
of gender within engineering.
3.3 Data Sources
Data to answer the considered research questions were collected at the level of individual
faculty using public college catalogs as the main source of information. The corresponding
Institutional Review Board protocol for this study, with number 1805020583, was determined to
be Exempt-Category 4 because all sources of data were publicly available, no interaction was
necessary with any individual faculty, and their identities will remain blinded for the presentation
of all results (see Appendix A). In this section, I describe the data, the data collection process,
and the sample selection of the institutions included in this study. Throughout, I provide
rationales for decisions made for data collection, data cleaning, and data coding.
3.3.3 Individual Level Data
College catalogs.
Public college catalogs were the main source of faculty data. This approach was used by
Kaminsky and Geisler (2012) and was considered appropriate for this study because the data is
readily available in public repositories. Although other data sources, such as institutional records,
would have added value to the study, the time and requisites necessary to establish the
connections and agreements for collaboration with the number of institutions envisioned for this
study would have significantly increased the study’s duration. In addition, the use of the same
data sources as Kaminsky & Geisler (2012) in this work allows for comparison of the results
obtained by both studies. Similarly, data from both studies can be pooled together to generate a
joint analysis, which would expand and strengthen the results of each individual study.
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College catalogs are sources of academic and programmatic requisites for students
entering an institution in a given academic year. They include administrative requirements, good
standing requirements, graduation requirements, and other valuable information for current and
prospective students. Therefore, catalogs usually include descriptions of the courses offered and,
in some cases, a thorough description of all university departments and colleges and the
members of their faculty and administration. In recent decades, the format of these catalogs has
evolved from printed to online versions, although institutions might provide physical versions
upon request. Still, many institutions offer the digitized version of old catalogs on their websites.
Therefore, institutional websites were the first source for the collection of college catalogs.
CollegeSource Inc. preserves the college catalogs of thousands of institutions worldwide,
with the mission of supporting students’ decisions and planning for their academic careers
(http://www.collegesource.com/about/about-us/). Institutions voluntarily include their catalog in
the CollegeSource® Online database (www.collegesource.org), aiming to reach the users of this
resource. Therefore, the repository offered by CollegeSource Online was the second source of
college catalogs. The main limitation of using this database was that the downloading of the
catalogs as well as their format conversion to searchable documents through Optical Character
Recognition (OCR) technology was time-consuming.
The frequency of publication of the catalogs is another characteristic that can differ
between institutions. Many institutions publish their catalog on a yearly basis, while others
publish it on a biyearly basis. These differences were more evident with older versions of
catalogs, with most universities having moved to yearly editions in more recent years. This was
important to consider when selecting institutions to include in this study, because one of the
priorities was to obtain information that was as complete as possible for the study period in order
to avoid statistical imputation of missing values. Therefore, the number of years for which the
catalogs were available was part of the criteria when selecting institutions for the sample as well
as their frequency and accessibility. Each of the criteria for the selection of samples are included
in this section.
Period of study
Despite many of the considered institutions having catalog records from the early 70’s,
the year 2000 was taken to be the starting point for analysis in this work. The early 2000’s was a
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time of technological transition to the more widespread use of computers, and the move from
using printed versions to electronic versions might have encouraged the inclusion of more
extensive records in college catalogs (e.g., including faculty full names). Since a catalog’s date is
defined by academic year, the 1999-2000 academic year was the first academic year considered
in this analysis. Furthermore, the 19 academic years contained in the study period from 1999 to
2017 provide enough time to observe a significant number of hire/promotion/departure events.
Working with academic years, however, does present a limitation, as mid-academic-year
departures cannot be observed.
Sample of institutions
The first criterion for selecting institutions for this study was to choose comparable
institutions. Since this study focuses on the process of tenure and promotion, it is important to
control for the type of institution to ensure similarity of institutions. Because the hiring, tenure,
and promotion policies vary significantly between private and public institutions (Youn & Price,
2009), this study focuses only on public institutions. Similarly, the size and mission of the
institution plays an important role when comparing their policies. Because most of the qualitative
evidence of the challenges faced by women faculty in engineering has been collected from
research intensive institutions (August & Waltman, 2004), I focus on institutions with a Carnegie
classification of Doctoral Universities – Highest research activity (R1).
The availability, frequency, and accessibility of college catalogs further defined the
sample of institutions included in this study, making it a convenient sample. First, the potential
institutions for this study were reduced to only R1-public universities as described above.
According to the Carnegie Classification updated in 2015, there were 81 public R1 universities
(http://carnegieclassifications.iu.edu/), 79 of which had established engineering programs. To
decide which institutions to include in the analysis, I evaluated these 79 institutions based on the
criteria of availability, frequency, and accessibility, which are more thoroughly described below.
Availability. This criterion considered two conditions: (1) the data about engineering
faculty, including full name and rank, had to be available in the catalogs, and (2) the institutions
had to have catalogs available for at least ten consecutive years in the 1999-2017 study period.
The ten-year minimum was established because of the estimate presented by Callister (2006),
illustrating that retaining a faculty member for at least ten years at an institution provides a return
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of investment to the institution. In addition, ten years is enough time to observe a transition from
assistant to associate professor, or from associate to full professor. After adjusting for institutions
that did not fulfill these two criteria, the sampling pool was reduced to 52 institutions.
Frequency. This criterion evaluated if the catalogs were published on a yearly or biyearly
basis at a given institution. It was also possible to have a mixed frequency, with yearly and
biyearly publications. Institutions with only biyearly catalogs were removed from the sampling
pool because their inclusion would have represented a significant amount of missing years to be
imputed. Therefore, the sampling pool was reduced to 34 institutions. However, institutions with
mixed frequency and at least 10 years of yearly data were kept in the sampling pool.
Accessibility. This criterion judged if the format presented in the catalog allowed for the
data to be entered into the intended database format in a time-efficient way. Some institutions
presented a list of faculty with full names and rank for each engineering department separately,
allowing for the identification of changes from year to year. Other institutions included only last
names and initials (e.g., Doe, J.) when describing each department, and a list of full names at the
end of the catalog. This format required additional time to identify the first name in the complete
list. Alternatively, some institutions presented their full list of faculty only at the end of the
catalog, detailing their department and rank. This last format required a very careful search
through long lists where only a small proportion of faculty were from engineering, representing
the most error-prone approach. Based on these differences, from the 34 candidate institutions, I
selected a total of 20 universities that presented the most convenient formats to process the
intended information.
The final list of institutions included in this study for which data was collected is
presented in Table 3.3, including other details pertaining to the data collection process which are
described next.
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Table 3.3. Institutions included in the study with general characteristics of their data collection
process.

Institution Name

Inst.
Code

Initial
Year

Catalog
Frequency

Verified
Years

Final
Year

Total
Faculty

Women
Faculty
N (%)

2006

2017

223

41 (18%)

Clemson U.

CLU

1999

Yearly

Florida International U.

FIU

1999

Yearly

2017

133

16 (12%)

Florida State U.

FSU

1999

Yearly

2017

85

10 (12%)

George Mason U.

GMU

1999

Yearly

2016

100

22 (22%)

Louisiana State U.

LSU

1999

Yearly

2010

97

14 (14%)

Oregon State U.

OSU

1999

Yearly

2017

214

45 (21%)

Texas Tech U.

TTU

1999

Yearly

2017

175

34 (19%)

U. Texas Arlington

UTA

1999

Mixed

2000,2002,
2017
2004,2000

136

17 (13%)

U. Arkansas

UAR

1999

Yearly

2017

128

28 (22%)

U. California – Irvine

UCI

1999

Yearly

2017

113

27 (24%)

U. California – Los Angeles

UCLA

1999

Yearly

2017

179

31 (17%)

U. California – Riverside

UCR

1999

Yearly

2017

134

16 (12%)

U. California – San Diego

UCSD

1999

Yearly

2017

178

27 (15%)

U. California – Santa Barbara

UCSB

1999

Yearly

2017

94

18 (19%)

U. Kentucky

UKY

1999

Yearly

2017

157

22 (14%)

U. New Mexico

UNM

1999

Mixed

2017

109

24 (22%)

U. South Carolina – Columbia

USCC

2000

Yearly

2011

104

16 (15%)

U. South Florida

USF

1999

Yearly

2017

110

17 (15%)

U. Virginia

UVA

1999

Yearly

2013

164

29 (18%)

U. Wisconsin – Milwaukee

UWM

1999

Yearly

2017

75

8 (11%)

2708

462 (17%)

Totals

2006
2002,2004

2001,2002

Data collection process
The data collection process involved four stages: (1) collecting all college catalogs
available between 1999 and 2017 for the selected institutions, (2) capturing the college catalog
information into interpretable databases, (3) data verification, cleaning, and coding of faculty
gender and engineering field, and (4) calculating the times of interest (IR, TT, TPF).
Stage 1: Collecting college catalogs. This stage took approximately 5 hours per
institution and consisted of identifying the useful information in the catalogs, downloading the
corresponding catalogs from their source, and converting them into searchable formats if

46
necessary. For this, I was supported by a graduate assistant who collected the catalogs of two
institutions in my sample. I was responsible for the collection of the catalogs of the other 18
institutions.
Stage 2: Capturing college catalog information. This stage consisted of taking the
catalogs and transferring their faculty information into a database of the format presented in
Table 3.4. This process involved the review of each available catalog and the capture of each
existing faculty member’s first and last name, department, and rank at the corresponding year.
For the case of faculty members changing departments during the observation period, the last
department was the one considered.
Table 3.4. Scaled example of dataset for event tracking.
Year
Name
Faculty A
Faculty B

1999
Full

2000

2001

2002

2003

2004

2005

2006

2007

2008

Assist.

Assist.

Assist.

Assist.

Assist.

Assist.

Assoc.

Assoc.

Assoc.

Full

Full

Full

Full

Full

Full

Full

Emer.

Emer.

Emer.

Assoc.

Assoc.

Assoc.

Assoc.

Assoc.

Full

Full

Full

Full

Assist.
Assist.
Assoc.

Assist.
Assist.
Assoc.

Assist.
Assist.
Assoc.

Assist.
Assist.
Assoc.

Assoc.
Assist.
Full

Assoc.

Assoc.

Assoc.

Full

Full

Full

Assoc.

Assoc.

Assoc.

Assoc.

Assoc.

Faculty C
Faculty D
Faculty E
Faculty F
Faculty G
Faculty H
Faculty I
Faculty J

Assist.

2009

Assoc.

Assoc.

Assist.
Assist.
Assoc.

Assoc.
Full

Assoc.
Full

Assoc.
Full

Assoc.
Full
Assoc.

Assoc.
Full
Assoc.

Assoc.
Full

Full

Full

Full

Full

Full

Emer.

Emer.

Emer.

Emer.

Emer.

Emer.

Emer.

Emer.

Emer.

Emer.

Emer.

The time to process each institution into the intended database ranged from 10 to 20
hours. For this task, I had the support of two undergraduate research assistants and four graduate
outsourced assistants. All data were captured between January and April of 2018. All assistants
were trained for the purpose of the study, the format of their assigned catalogs, and the expected
format of the database. Aligned with the focus of this study, they were instructed to not include
visiting, research, or teaching professors. In the case of such faculty swapping to tenure-track
faculty positions, their observation time would start with their new positions. The transition from
full to emeritus was considered as an exit, since retirement of a full professor, despite becoming
an emeritus or not, allows for the hiring of new faculty. The size of the raw dataset per institution
ranged from 135 to 361 unique faculty members. The assistants’ work was validated through the
random selection of a limited number of faculty database entries that were verified against the
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original catalog records for accuracy. In addition, all faculty that stayed at their institution
between 1 and 3 years were verified for validity. If any issues were found with the database
revisions, the assistants took care of the corrections, and I performed a new validation after the
corrections were completed. Assistants were involved in building the databases for 11
institutions, and I was responsible for the collection of the remaining nine.
Stage 3: Verifying, cleaning, and coding of faculty gender and engineering field.
Once the databases were complete, I verified and cleaned the data and coded the faculty gender
and engineering field. Verification was a step needed for the two institutions that had a mixed
frequency of catalog publication. Although they had at least ten years of yearly data, completing
the gap years left by the biyearly data was of value to increase their coverage of years. Therefore,
the gap years created by the biyearly catalogs were assigned based on two strategies for a given
faculty member: (1) if the year before and after the missing observation had the same rank, then
the missing year was assigned the same rank, and (2) if the year before and after the missing
observation had different ranks, additional online searches were performed to confirm the correct
rank for the intervening year. The main sources used to confirm the missing information were the
faculty’s institutional website, their Curriculum Vitae (when available online), or their LinkedIn
profile. The same strategy was used for institutions with yearly frequency that had missing
observations in their catalogs. This step was called verification instead of imputation, as the
values were verified from valid sources and not imputed without knowledge.
Data cleaning was performed by removing observations that were not verifiable. The
initial and final year for which data was collected, the catalog frequency, and the years for which
verifications were required for some institutions are denoted in Table 3.3.
Faculty gender was coded based on the first names and pictures of individual faculty
members, a strategy also used by Kaminsky & Geisler (2012). This strategy has certain
limitations, especially those related to the lack of familiarity of the coder with certain types of
names and the limited ability to evaluate androgynous phenotypes. In my case as a coder, I
lacked familiarity with Asian first names and am most familiar with physical stereotypes of
femininity such as having long hair, using makeup, wearing earrings, and other indicators. To
address such limitations, I verified images from different sources as well as documents that
would indicate the faculty gender, such as summaries of the faculty research or accomplishments
presented in third person, where gender would be identifiable through the use of “his” or “her.”
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For coding faculty gender, other options such as using a gender checker program were
considered. However, the existence of gender-neutral names makes the online review of
individual faculty records—including pictures—safer.
The different engineering departments to which faculty were affiliated were also coded to
allow for the analysis of the phenomena of interest within each engineering discipline (see Table
3.5). The codes resemble those used by Kaminski and Geisler (2012). A full list of the original
department names by institution and their assigned codes is located in Appendix B. Faculty with
affiliations in two different departments were listed in all the engineering areas corresponding to
each department. For example, if a faculty member was listed in both biomedical engineering
and mechanical engineering, the faculty was included in both lists for the analysis by field.
Similarly, faculty from departments with more than one engineering discipline in their
description were considered in both engineering fields. For example, departments that were
named Mechanical and Aerospace engineering were included in the analysis of mechanical
engineering as well as in the analysis of aerospace engineering. For analyses that were not field
specific, repeated observations of faculty were removed.
In the case of faculty that started the period of observation in one department and
switched departments during the observed period of time, the discipline of their last department
was the one kept in their record.
Table 3.5. Different engineering areas covered in this study.
Engineering Discipline
Code
AERO
AG-BIO
BIOE-M
CHEME
CIVIL
CSE
ECE
INDSYS
MATS
MECH
MNP

Description
Aerospace Engineering
Agricultural and Biosystems Engineering
Bioengineering and Biomedical Eng.
Chemical Engineering
Civil and Environmental Engineering
Computer Science and Engineering
Electrical and Computer Engineering
Industrial Systems and Decision Making
Materials Engineering
Mechanical Engineering
Mines, Nuclear, or Petroleum Engineering

Stage 4: calculating times of interest (IR, TT, TPF). Within the study of faculty
retention and promotion, the main time of interest are institutional retention, which is defined by
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the times of entry and departure from an institution, the time to achieve tenure, and promotion to
within the institution. The time to such events are operationalized and calculated as follows:
Institutional Retention (IR): total time elapsed from entry to departure.
IR = Ending year of final period – Hiring Year at any rank
Time to associate (tenure) (TT): time elapsed from entry as an assistant professor to
promotion to tenured associate professor.
TT = First year as Associate professor – Hiring Year as an Assistant professor
Time to promotion to full (TPF): time elapsed from promotion to (or entry as) tenured
associate professor to promotion to full professor.
TPF = First year as Full professor – First Year as Associate professor
Figure 3.3 provides a faculty case for demonstrating these calculations. The faculty
member illustrated in this case was hired as an Assistant professor in 2003, tenured as Associate
professor in 2009, promoted to Full professor in 2014, and departed from the institution at the
end of the 2015-2016 academic year. Therefore, IR = 2016 – 2003 = 13 years, TT = 2009 – 2003
= 6 years, and TPF = 2014 – 2009 = 5 years.
LastName FirstName
Doe
John

Gender
M

1999

…

2013 2014 2015 2016 2017
…
…
2008 2009
2002 2003
Full
Assist Assist Assist Assoc Assoc Assoc Full

Figure 3.3. One faculty example for calculations of IR, TT, and TPF.
During the verification stage, I found that it was common to have a one-year difference
between the actual hiring, tenure, promotion, and departure years shown in the faculty CVs and
those shown in the catalogs. This one-year gap was derived from the fact that new faculty
appointments, as well as faculty promotions, are effective at the beginning of the academic year,
while the publication of the college catalog, as a planning tool, takes place at or before the end of
the previous academic year. However, because this gap is uniform across all stages and times,
theoretically this gap should not influence the calculation of IR, TT, and TPF.
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3.4 Data Analysis
3.4.1 Chi-Square Test of Independence and Logistic Regression Models
This work involves two hypotheses related to the differences in the rate of success
between women and men. These hypotheses are:
•

Hypothesis 2.0: Men and women engineering faculty are equally likely to be
promoted from assistant to associate (achieve tenure) at R1-public institutions in the
U.S.

•

Hypothesis 3.0: Men and women engineering faculty are equally likely to be
promoted from associate to full professor at R1-public institutions in the U.S.

To test such hypotheses, two different but complimentary statistical methods will be used. First,
a chi-square test for independence will be used on count data. Second, a logistic regression
model will be used with gender as the principal independent variable of interest, and other
individual and institutional level variables as controlling covariates. For the test answering
hypothesis 2.0, success is defined as being promoted to associate rank (earning tenure), while
failure is defined as leaving without tenure. For the test answering hypothesis 3.0, success is
defined as being promoted to full professor, while failure is defined as staying at the associate
level. Consequently, in both cases faculty that are censored in the event history analysis (i.e.,
faculty that are still at institutions without having observed either of the possible competing
events) are ignored. All statistical tests in this study were conducted through R statistical
software.
Chi-square test for independence of count data.
In order to make the examples in these sections generic, I am using the term “Success
getting a promotion,” defined in Table 3.11 as a generic term that can be applied to each of the
different types of promotion explored in this study. “Success getting a promotion” is a binary
variable, denoting if a faculty member obtained a promotion or not (Yes=1, No=0). The null
hypothesis being tested is:
𝐻𝐻0 : The event "Success getting a promotion" and "gender" are independent from each other

Such condition would be represented by having a proportion of successes comparable for both
groups under comparison (men and women). The corresponding alternative hypothesis would
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entertain the possibility of a relationship between getting a promotion and gender. The test
statistic for the considered hypothesis is:

𝜒𝜒 2 =

∑(O𝑖𝑖 −𝐸𝐸𝑖𝑖 )2
𝐸𝐸𝑖𝑖

(16)

where O𝑖𝑖 and 𝐸𝐸𝑖𝑖 are the observed and expected values, respectively, of the frequency of each possible
combination of the two categorical variables considered (“Success getting a promotion” and gender).

Because there are only two levels for each variable (Yes/No, men/women), the test statistic is
compared against a 𝜒𝜒 2 (1). This test is equivalent to a test of proportions based on normality;

however, its presentation is more convenient because it shows the proportions across all possible
groups. The MASS package in R was used to conduct the chi-square tests.
Logistic regression with gender and institutional elements as covariates
I also conducted an additional analysis of the potential differences across gender through

a logistic regression model. Logistic regression allows for the modeling of binary dependent
variables in terms of independent variables of interest. Here, the binary dependent variable of
interest is “Success getting a promotion” (Yes=1, No=0), the main independent variable of interest
is gender, and other covariates at the individual and institutional level are also included in the
model as controls. The characteristics of these covariates are summarized in Table 3.6, including
their description, the rationale for modeling their effect, and the type effects that will be modeled
for each. As can be observed, the variable Institution will be modeled as a random effect because
the institutions in my sample are only a subgroup of the whole population of R1-Public
institutions in the U.S. (Black, Hashimzade, & Myles, 2017).
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Table 3.6. Additional covariates considered in the logistic regression models.
Covariate
Level
of interest
Engineering Faculty
Department

Description

Rationale

Type of
effect
Fixed

Categorical variable with
12 levels describing which
Engineering Department is
the faculty member
affiliated

The proportion of women
faculty varies across different
engineering departments

Institution

Binary variable which
indicates if the institution
has ever had a woman
leader (yes=1, no=0)

Can be considered an indicator
of the general institutional
culture

Fixed

ADVANCE Institution

Binary variable indicating
if the institution has
adopted an ADVANCE
initiative (yes=1, no=0)

Can be considered an indicator
of institutional interest on
closing the gender gap for
faculty representation in
science and engineering

Fixed

Institution

Categorical variable with
20 levels describing the
different institutions in the
sample

Controls for all other elements
that vary between institutions

Random

Women
Leader

Institution

Including the described covariates, the explored logistic models were:
𝑝𝑝

𝑙𝑙𝑙𝑙𝑙𝑙(1−𝑝𝑝) = 𝛽𝛽0 + 𝛽𝛽1 𝑥𝑥𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 + 𝛽𝛽3 𝑥𝑥𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸.𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 + 𝛽𝛽4 𝑥𝑥𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊.𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 + 𝛽𝛽5 𝑥𝑥𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 +
𝛾𝛾5 𝑥𝑥𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

(17)
𝑝𝑝

where Gender is a binary variable (1 = women, 0 = men), and (1−𝑝𝑝) is the odds ratio of the event

“promotion.” Therefore, exp(𝛽𝛽1 ) represents the change in the odds of being promoted due to
being a women. The results of a logistic regression using gender as the only covariate should

agree with the results obtained through chi-square tests of independence (Hosmer, Lemeshow, &
Sturdivant, 2013). However, the ability to control for the additional covariates described will
provide a more nuanced picture of the gender effect. The R package used to conduct logistic
regression models with mixed effects was lme4.
3.4.2 Event History Analysis
In event history analysis, the phenomenon of interest is the time to a certain event. This
technique is extensively used in many areas, such as medicine, engineering, and the social
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sciences (Klein & Moeschberger, 2005). In the medical sciences, it is often related to the
identification of treatment effects that would help patients extend their life, thus its synonym
“survival analysis.” In engineering, it supports the analysis of reliability of engineering products,
and is thus called “reliability analysis.” In the social sciences, the name “event history analysis”
is used due to the broader spectrum of “events” studied at both the individual and societal levels,
(e.g., unemployment, starting a war) (Box-Steffensmeier & Jones, 1997). This makes event
history the most suitable description for the type of analysis conducted in this work.
Because this work takes an institutional perspective, I argue that the events of interest
align with the nature of event history analysis as follows: in the study of faculty institutional
retention, the event of interest is departure, which in theory all faculty will experience given an
indefinite period of observation; a faculty departure is an undesirable event because the
investment made (monetary or nonmonetary) by the institution is lost and new resources need to
be invested in hiring a new faculty member; and therefore the institutional retention time is a
measure that institutions are interested in maximizing.
Additionally, faculty time to tenure and promotion has a similar expected dynamic: given
a sufficient amount of time, it would be expected that faculty would move along the different
ranks. Since the prestige of an institution is closely tied to the prestige of their faculty,
advancement through the academic ladder is a positive outcome for institutions and could also
promote retention. Therefore, the events of tenure and promotion are desirable from the
institutional point of view. Some guidelines determine the expected time to each of these events.
In the case of tenure, the expected time across most public research institutions in the U.S. is six
years. On the other hand, the time to promotion does not have an expected length. Some
institutions have suggested that having faculty with 13 or more years after degree attainment
achieving the full professor level is desirable (Geisler et al., 2007), but the highly individual
nature of this process limits how prescriptive such times could be. Studying differences across
gender in retention time, time to tenure, and time to promotion would allow to explore potential
disparities along the stages of the faculty career.
In this section, I describe the basic elements of event history analysis as well as the
models I used for the different analyses in this study. I mainly used the log-rank test for two
groups, Cox’s proportional hazards model, and Fine and Gray’s proportional subdistribution
hazards model. All hypotheses involving time (1.1, 1.2, 2.1, 2.2, 3.1, 3.2) will be addressed
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through different Event History Analysis techniques. The R packages survival, cmprsk, and
crrSC were used to conduct the different types of event history analysis described.
Basics elements of event history analysis
Data derived from measuring the time to an event has certain characteristics that make
necessary the use of special models. This data tends to be non-normal and lightly skewed, which
limits the ability to use linear models. In addition, the need to follow up the objects of analysis
through time makes it necessary to limit the observation time, and when the event of interest has
not happened by the end of such observation time, the measurement needs to be censored—i.e.,
their time is counted, but the event is unknown (Tableman & Kim, 2003). Event history analysis
accommodates such characteristics of the data, making it possible to generate inferences about
the average time to event of interest. Here, I cover the essential elements of event history
analysis that are relevant for the inquiries of this work.
Within the context of event history analysis, a unit represents the object of observation.
These units are observed in an initial state and followed over time (i.e., longitudinally). In the
case of this study, the units of observation are the faculty that started their positions at the
selected group of institutions between the period 1999–2017, which is the length of follow-up.
With the collected data, we can observe these units through time and identify the events they
experience, where an event is simply defined as a change between states. For this study, the main
events of interest are (1) departure from the institution and (2) promotion to a higher position,
which in the case of professors hired at the assistant level would imply attaining tenure and
moving to the associate level, and for those reaching (or being hired at) associate level would
imply becoming full professors (Box-Steffensmeier, 2004).
The points in time where units under observation have not yet experienced any event are
considered “at risk” for the event to happen. In the setting of this study, for all the years that the
faculty spend at a given institution, they are in constant risk of either leaving or being promoted.
The time between entry to the observation process and the event taking place is known as the
survival time or duration time. In the case of this study, duration time represents the time a
faculty was retained at an institution (IR) or the time they took to move from one faculty level to
the next (TT or TPF). A covariate in the context of event history analysis is parallel to the
regular statistical concept—i.e., a variable that may explain variability within a phenomenon
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(Box-Steffensmeier, 2004). In this study, the main covariate of interest is gender. This is derived
from the inquiry about possible differences in faculty IR, TT, and TPF. However, other
covariates, such as those related to the characteristics of institutions could be explored in future
inquiries.
By the end of the observation period, there will be units that did not experience any of the
events of interest. Among the institutions with data collected for this study, there were faculty
that had not left their institutions or had not been promoted by 2017. However, eliminating their
data would result in serious biases related to the selection of cases; therefore, these observations
were kept when building the corresponding models as recommended by Box-Steffensmeier
(2004). This data is known as right-censored because history after the last observation is
unknown. Similarly, there were units that experienced the event before the beginning of the
observation period (e.g., faculty that were already at the institution). This type of data is known
as left-truncated because we lack any knowledge of their history before the beginning of the
analysis. The useful integration of such observations tends to be complicated, so they are usually
excluded from analysis. In this study, left truncation takes place among the collected data
through the exclusion of all professors that were at an institution up to 1999.
An example of right censoring and left truncation is illustrated in Figure 3.4, using the
data presented in Table 3.1. In this example, observations started in Year 1999, and events are
represented by changes in color. Within this group, faculty members B, F, G, H, and J were lefttruncated data because I do not have any information on when their events of promotion or
tenure took place, as these units are not useful for my analysis. Faculty A experienced both
promotion and departure. Faculty E did not experience promotion, only departure. Faculty C and
E experienced promotion but had not left the institution by the time the observation ended in
Year 2009; therefore, they are right-censored observations for the event of departure.
Furthermore, Faculty C is right-censored for the event of promotion because this faculty member
is still at the associate level without having experienced a promotion to full professor by the
length to follow-up.
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Figure 3.4. Representation of right-censored and left-truncated data.
Another concept of event history analysis is that of competing risks. Competing risks
exist when there is more than one possible event for a subject but only one can be experienced.
For example, in the case of faculty entering at the assistant professor level, “leaving without
tenure” and being “promoted to associate professor” are competing risks because only one of
them can take place. Some studies focusing only on one event of interest have performed such
analysis through censoring the observations of the second event. However, this is inaccurate,
because the definition of censoring is tied to the length of follow-up and not with the occurrence
of any event. In theory, a censored observation could experience the event of interest in the
future, while a unit experiencing a competing event could not experience the event of interest
anymore (Scrucca, Santucci, & Aversa, 2007).
Therefore, if only the event of becoming tenured is of interest, it would be inappropriate
to consider faculty leaving without tenure as censored units, because once they have left without
tenure they cannot experience the event of becoming tenured at the institution they departed
from. Similarly, for faculty at the associate level, the events of “leaving at the associate level” or
“promotion to full professor” are competing risks. Analyzing competing risks requires a different
approach since there are more than one possible events.
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Mathematical description of event history analysis
This section considers the mathematical formulation of event history analysis and its
application to the study of the presented phenomena. Equations in this section have been adapted
from Box-Steffensmeier (2004) and Klein & Moeschberger (2005). The mathematical
formulation of event history analysis starts by the definition of a continuous positive random
variable T, which denotes time to the event of interest (i.e., IR, TT, or TPF); it follows that t
denotes the observed time for such random variable. Therefore, the distribution of T is as follows
𝑡𝑡

𝐹𝐹(𝑡𝑡) = ∫0 𝑓𝑓(𝑢𝑢)𝑑𝑑(𝑢𝑢) = Pr(𝑇𝑇 ≤ 𝑡𝑡)

(1)

where f(u) is the probability function, integrated from time 0 to t, equivalent to the probability of
the duration time T being less than or equal to a given value t. The complimentary function of (1)
is the non-occurrence function,
𝑆𝑆(𝑡𝑡) = 1 − 𝐹𝐹(𝑡𝑡) = P r(𝑇𝑇 ≥ 𝑡𝑡)

(2)

which denotes the probability that the non-occurrence time (“survival time”) will be equal to or
bigger than that already observed—i.e., the probability that the event will not happen by time t.
This function is strictly decreasing in nature as it denotes the probability that events will not take
place through time; therefore, the longer the time, the lower the probability (Klein &
Moeschberger, 2005). Finally, the hazard rate function is derived from the previous definitions
as follows:

ℎ(𝑡𝑡) =

𝑓𝑓(𝑡𝑡)
𝑆𝑆(𝑡𝑡)

(3)

and corresponds to a conditional failure rate. This means the probability that the event will take
place at time t, given that it has not happened (i.e., the unit has survived) up to time t (Klein &
Moeschberger, 2005).
Acknowledging the relationships between the presented definitions, we can derive the
following relationship:
𝑡𝑡

𝐻𝐻(𝑡𝑡) = ∫0 ℎ(𝑢𝑢)𝑑𝑑𝑑𝑑 = − log 𝑆𝑆(𝑡𝑡)

(4)
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which is the cumulative hazard rate, the risk of a unit for having an event (i.e., departure or
promotion) in time t given that it had not happened up to time t. That is, the event is conditional
on its previous history.
There are a variety of alternatives to model hazard rates; the main two options are
parametric and non-parametric models. While parametric models rely on knowing the
distribution function of the time to event, non-parametric methods do not have such restrictions
(Klein & Moeschberger, 2005). Since inaccuracies defining the distribution of time to event
would interfere with proper model interpretations, non-parametric models offer a more reliable
alternative to model hazard rates and will be used in this work.
3.4.3 Statistical models for event history analysis
There are multiple methods to estimate and compare functions of non-occurrence. In this
section, I describe the different methods that will be used in this work. I describe Kaplan-Meier
curves and their estimators for non-occurrence as well as cumulative incidence curves for the
representation of events. Furthermore, the log-rank test is addressed as the main statistical test to
be performed in the comparison of the probability of an event by gender. Similarly, the Cox
proportional hazard models and the Subdistribution hazards models are explained as extensions
to confirm the results from the log-rank test and to expand the study of competing risks,
respectively.
Kaplan-Meier and cumulative incidence estimators
One of the most common methods to estimate a curve of non-occurrence is through the
use of the Kaplan-Meier (KM) estimator. Also known as the t product-limit estimator, the KM
estimator provides the probability of an event happening at each possible time during the length
of follow-up. The principal strength of KM estimators is that they adjust appropriately for
censored observations. The calculations required for obtaining the KM estimator involve a
detailed tracking of the number of units (i.e., subjects) at risk of the event at each point in time,
which is itself influenced by both subjects having the event and those being censored
(Kleinbaum, 2005). I will use an example illustrated in Table 3.4 to demonstrate the different
stages of analysis through the calculation of the KM estimators. Table 3.7 lists the information of
12 faculty that were followed up between time 0 and 15 years for the event of departure from an
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institution. The variable Time indicates the time at which the faculty member had an event or
was last observed; Status describes if the faculty had an event during the observed time
(Status=1) or if it was censored (Status=0); and Gender distinguishes the gender of the faculty
under study.
Table 3.7. Example of 12 faculty with times to event of departure (i.e. IR) to illustrate KM and
CI estimation.
ID
1
2
3
4
5
6
7
8
9
10
11
12

Time (yr)
3
4
6
9
12
10
2
6
8
15
1
13

Status
1
1
0
0
1
0
1
1
1
0
0
1

Gender
M
F
M
M
M
M
F
F
M
M
F
M

The formula for the KM estimator is the following:
𝑆𝑆̂(𝑡𝑡) = �

𝑖𝑖:𝑡𝑡𝑖𝑖 ≤𝑡𝑡

𝑛𝑛𝑖𝑖 − 𝑑𝑑𝑖𝑖
𝑛𝑛𝑖𝑖

(5)

where 𝑑𝑑𝑖𝑖 and 𝑛𝑛𝑖𝑖 are the number of events and number at risk at time i respectively. From this

expression, it can be observed that the KM estimator equates a non-parametric maximum
likelihood estimator of the probability of an event’s non-occurrence.

A cumulative incidence (CI) estimator takes the opposite approach of the KM and
measures the probability of occurrence of an event, where probability of occurrence at a given
time is estimated by:
𝐼𝐼̂(𝑡𝑡) = 1 − 𝑆𝑆̂(𝑡𝑡)

(6)

Table 3.8 shows the calculations for obtaining the KM and CI estimates. After ordering the
observations by time, each departure and censored observation is tallied, affecting the number at
risk during the next time point. In the example, year 6 was the only year with one censored and
one departure event, reducing the risk set by two for the next time period. The probability of the
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event at time t is the probability of one event at that specific time point, which is calculated
considering the number at risk. Because the probability of not having an event depends on not
having had the event during the previous period, the probability of non-departure is the
cumulative product up to time t of the probability of non-departures. CI estimates are obtained by
subtracting the KM estimates from 1 at each time point.
Table 3.8. Example calculations for the KM and CI estimates across all faculty in the example
sample.
Time
(t)

Number
at risk

Number
Censored

Number
Departures

Prob.
Departure

Prob.
NonDeparture
at time t

KM – Estimate
Prob. Nondeparture
after time t

CI – Estimate
Prob.
Departure after
time t

1
2
3
4
6
8
9
10
12
13
15

12
11
10
9
8
6
5
4
3
2
1

1
0
0
0
1
0
1
1
0
0
1

0
1
1
1
1
1
0
0
1
1
0

0.08
0.09
0.10
0.11
0.13
0.17
0.20
0.25
0.33
0.50
1.00

0.92
0.91
0.90
0.89
0.88
0.83
0.80
0.75
0.67
0.50
0.00

0.92
0.83
0.82
0.80
0.78
0.73
0.67
0.60
0.50
0.33
0.00

0.08
0.17
0.18
0.20
0.22
0.27
0.33
0.40
0.50
0.67
1.00

Curves describing the KM and CI estimates are the most commonly used tools to analyze
behavior of the probability of an event through time. Figure 3.5 illustrates the KM and CI plots
of the estimates obtained in Table 3.8. Obtaining KM estimates allows for a calculation of an
average time to the event of interest that accounts for the censored observations. This estimate is
𝜏𝜏
called the restricted mean survival time (RMST) and is calculated as 𝜇𝜇̂ 𝜏𝜏 = ∫0 𝑆𝑆̂(𝑡𝑡)𝑑𝑑𝑑𝑑, which is

interpreted as subjects when being followed up for 𝜏𝜏 will not experience the event on average for
time 𝜇𝜇̂ 𝜏𝜏 (Uno, 2017). In the case of the illustrated example, when observing the faculty for 15

years, the faculty will have an average institutional retention time of 9.28 years. When data has
issues of non-proportionality, RMST is a preferred estimate for comparing two groups (Zhao et
al., 2016).
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Figure 3.5. KM (a), and CI (b) plots for the example in Table 3.5.
KM and CI estimates can also be obtained for different groups. In the presented example, four
out of the 12 faculty were women. The estimates by gender are generated by separating the
observations of women and men. Tables 3.9 and 3.10 show the estimates for each group in the
example.
Table 3.9. KM and CI estimates for the women faculty in the example.
Time
(t)

Number
at risk

Number
Censored

Number
Departures

Prob.
Departure

Prob.
Non-Departure
at time t

KM – Estimates
Prob. Non-departure
after time t

CI – Estimates
Prob. Departure
after time t

1
4
6
8

4
3
2
1

1
0
0
0

0
1
1
1

0.25
0.33
0.50
1.00

0.75
0.67
0.50
0.00

0.75
0.50
0.33
0.00

0.25
0.50
0.67
1.00

Table 3.10. KM and CI estimates for the men faculty in the example.
Time
(t)

Number
at risk

Number
Censored

Number
Departures

Prob.
Departure

Prob.
Non-Departure
at time t

KM – Estimates
Prob. Non-departure
after time t

CI – Estimates
Prob. Departure
after time t

2
3
6
9
10
12
13
15

11
10
9
8
7
6
5
4

0
0
1
1
1
0
0
1

1
1
0
0
0
1
1
0

0.09
0.10
0.11
0.13
0.14
0.17
0.20
0.25

0.91
0.90
0.89
0.88
0.86
0.83
0.80
0.75

0.91
0.82
0.80
0.78
0.75
0.71
0.67
0.60

0.09
0.18
0.20
0.22
0.25
0.29
0.33
0.40
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KM and CI estimates by group can also be illustrated graphically as shown in Figure 3.6, where
both the KM plot and the CI plot show a separate stepwise function for each gender. Once the
expected times to departure are estimated by groups, the expected institutional retention times
when observing both groups for 15 years were 9.2 years for males and 4.0 years for women. In
this example, the difference in the institutional retention times becomes evident between the men
and women group.

Figure 3.6. KM (a) and CI (b) plots by gender for the illustrated example in Tables 3.6 and 3.7.
While the KM and CI estimates provide reliable information about the probabilities of the
event happening or not at each point in time, their plots only illustrate the differences
graphically. For quantitative evidence, it is necessary to conduct the log-rank test between the
different groups being considered.
Log-rank test
The log-rank test (LRT) compares the survival functions of both groups. The hypothesis
tests explored in this study through the log-rank test compared survival functions of the
institutional retention, time to tenure, and time to promotion for the men and women groups. The
corresponding null hypothesis was defined as:
𝐻𝐻0 : 𝑆𝑆𝑚𝑚𝑒𝑒𝑒𝑒 (𝑡𝑡) = 𝑆𝑆𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 (𝑡𝑡), 0 < 𝑡𝑡 < ∞

(7)
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where the number of events for each group (S?) follows a hypergeometric distribution. This
distribution can be modeled through:
(𝑂𝑂 − 𝐸𝐸𝑖𝑖 )2

𝑖𝑖
𝐿𝐿𝐿𝐿𝐿𝐿 = ∑𝑛𝑛𝑖𝑖 𝑉𝑉𝑉𝑉𝑉𝑉(𝑂𝑂

𝑖𝑖

− 𝐸𝐸𝑖𝑖 )

(8)

where 𝑂𝑂𝑖𝑖 − 𝐸𝐸𝑖𝑖 = ∑#𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
�𝑚𝑚𝑖𝑖𝑖𝑖 − 𝑒𝑒𝑖𝑖𝑖𝑖 �, with 𝑚𝑚𝑖𝑖𝑖𝑖 being the observed number of events and 𝑒𝑒𝑖𝑖𝑖𝑖
𝑗𝑗=1

the expected number of events though the length of follow up in each group. Also, 𝑛𝑛 denotes the

set of groups under comparison {𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓, 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚}. The LRT distributes as a chi-squared with one
degree of freedom (𝜒𝜒 2 (1)). The log-rank test can be extended to the comparison of more than

two groups. In addition, it can also integrate stratification, which allows for the control of an

additional variable for which there is evidence to expect differences in the phenomenon under
study. In the case of this study, the 20 institutions under analysis were used as strata because
there are a variety of factors that cannot be captured that are unique to each institution, such as
location, characteristics, environment, and culture. For the case of a stratified log-rank test
formula, equation (8) changes as per Kleinbaum (2005):
(𝑚𝑚𝑖𝑖𝑖𝑖 − 𝑒𝑒𝑖𝑖𝑖𝑖 )
𝑂𝑂𝑖𝑖 − 𝐸𝐸𝑖𝑖 = ∑#𝑘𝑘 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ∑#𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝑗𝑗=1

(9)

Cox proportional hazards model

One of the most popular nonparametric approaches for modeling hazard rates is the Cox
proportional hazards (PH) model. This model expresses the hazard risk as:
ℎ(𝑡𝑡) = ℎ0 (𝑡𝑡) exp(𝛽𝛽 ′ 𝑿𝑿)

(10)

where ℎ0 (𝑡𝑡) represents the baseline hazard risk and 𝑿𝑿 represents the covariates for that given

individual. If we consider the proportional hazard between two individuals i and j, the ratio of
their hazard rates will be a constant, as expressed by:
ℎ𝑗𝑗 (𝑡𝑡)
ℎ𝑖𝑖 (𝑡𝑡)

= 𝑒𝑒𝑒𝑒𝑒𝑒 �𝛽𝛽 ′ �𝑿𝑿𝑗𝑗 − 𝑿𝑿𝑖𝑖 ��

(11)

This derives from the Cox model being known as the proportional hazards model, because the
difference between the hazards will be proportional and will not depend on time. The following
expressions helps to provide more context in terms of interpretation:
ℎ𝑖𝑖 (𝑡𝑡) = 𝑒𝑒𝑒𝑒𝑒𝑒�𝛽𝛽1 𝑥𝑥1𝑖𝑖 + 𝛽𝛽2 𝑥𝑥2⋅𝑖𝑖 + ⋯ + 𝛽𝛽𝑘𝑘 𝑥𝑥𝑘𝑘𝑖𝑖 �ℎ0 (𝑡𝑡)

(12)
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ℎ𝑖𝑖 (𝑡𝑡)
�
ℎ0 (𝑡𝑡)

𝑙𝑙𝑙𝑙𝑙𝑙 �

= 𝛽𝛽1 𝑥𝑥1𝑖𝑖 + 𝛽𝛽2 𝑥𝑥2𝑖𝑖 … + 𝛽𝛽𝑘𝑘 𝑥𝑥𝑘𝑘𝑘𝑘

(13)

In this study, the main covariate of interest is gender, therefore the first Cox proportional models
to be tested are of the form 𝑙𝑙𝑙𝑙𝑙𝑙 �

ℎ𝑖𝑖 (𝑡𝑡)

ℎ0 (𝑡𝑡)

� = 𝛽𝛽1 𝑥𝑥𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖 . These are expected to confirm the results

of the log-rank test in the effect of gender. When coding 𝑥𝑥𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖 as 1=women and 0=men,

exp 𝛽𝛽1 is the hazard rate for the event of interest due to the subject being women. The hazard rate

can be interpreted as the additional probability of the event happening. For example, a hazard
rate exp 𝛽𝛽1 = 1.54 indicates that there is an 54% increased chance that the event will happen.

An important assumption of these type of models is that the proportionality of the hazard

risks, or the non-occurrence curves (see Figure 3.5), will be mostly parallel to each other through
time (i.e., they will not cross each other). This assumption can be evaluated analytically, and if it
is violated the results should be interpreted with caution. The R package coxm was used to
execute all mixed effects logistic regression models.
Subdistribution hazard models
In the presence of competing risks, there is an additional level of analysis required. The
common Cox PH model studies only one event a time. However, when there is more than one
possible event, and the possible events are mutually exclusive during the same observation
period, they should be simultaneously modeled. Therefore, in the presence of more than one
event, the proportional model becomes:
ℎ𝑘𝑘 (𝑡𝑡) = ℎ0𝑘𝑘 (𝑡𝑡) exp(𝛽𝛽 ′ 𝑿𝑿)

(14)

where ℎ0𝑘𝑘 is the baseline hazard function for risk k and ℎ𝑘𝑘 is the subdistribution hazard for cause
k (Dignam, Zhang, & Kocherginsky, 2012). Subdistribution hazard models are compared

through their cumulative incidence curves (CIC), which hold the following relationship to the
hazard rate:
𝑗𝑗
𝑗𝑗
𝐶𝐶𝐶𝐶𝐶𝐶 (𝑡𝑡𝑗𝑗 ) = ∑𝑗𝑗′ = 1 𝐼𝐼̂𝑘𝑘 (𝑡𝑡𝑖𝑖 ) = ∑𝑗𝑗′=1 𝑆𝑆̂(𝑡𝑡𝑖𝑖 )ℎ�𝑘𝑘 (𝑡𝑡𝑗𝑗′ )

(15)

CIC is interpreted as the probability of the event k happening at a given time j. Analogous to the
log-rank test for comparing the non-occurrence function of two groups, the Fine and Gray test
compares two groups across a series of different competing events (Kleinbaum, 2005).
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Therefore, comparisons by gender are equally feasible and valid through these methods. In
addition, the subdistribution hazard effects can be analyzed analogously to the simple Cox PH
effects.
In this study, the analysis of the transition from assistant to associate (getting tenured) has
a competing event, which is leaving the institution without tenure. Censoring the latter type of
events would be inappropriate because that would be equivalent to a loss to follow-up loosing.
However, for faculty that left without tenure, the event of getting tenured is impossible, and vice
versa for the faculty that obtained tenured. Therefore, the event of getting tenure is analyzed as a
competing risk with departing without tenure using CIC curves. Similarly, the event of getting
promoted from associate to full professor is analyzed as a competing risk with departing as an
associate professor.
3.5 Summary of methods
There is a total of eight hypotheses derived from the three proposed research questions,
as well as the variety of statistics methods used to address each hypothesis. As a summary, Table
3.11 organizes the correspondence of each research question, research hypothesis, variables of
interest, and statistical methods used for their analyses. According to Table 3.11, there are only
two hypotheses evaluating success rates: hypothesis 2.0 studies the success rates of promotion
from assistant to associate (tenure) by gender, and hypothesis 3.0 studies success rates of
promotion from associate to full by gender. All other hypotheses presented in Table 3.11 study
the time to an event of interest, either by analyzing the general average time to an event (1.1, 2.1,
3.1) or the differences between these times by gender (1.2, 2.2, 3.2). Therefore, the grouping of
such hypotheses provides a structure for presenting their results in the following chapter.
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Table 3.11. Description of methods by research question and hypotheses
Research Question
1. What is the average IR
time of engineering
faculty among R1-public
institutions in the U.S.?
Are there any differences
across gender?

2. What is the average
time to promotion from
assistant to associate
professor (earning tenure)
for faculty in engineering
among R1-public U.S.
institutions? Are there
any differences across
gender?

3. What is the average
time to promotion from
the associate to full
professor (promotion) for
faculty in engineering
among R1-public
institutions in the U.S.?
Are there any differences
across gender?

Hypotheses
1.1 Engineering faculty at R1public institutions in the U.S. are
retained for less than 10 years.
1.2 Men and women engineering
faculty at R1-public institutions
in the U.S. have similar IR
times.
2.0 Men and women engineering
faculty are equally likely to be
promoted from assistant to
associate (achieve tenure) at R1public institutions in the U.S.
2.1 The average time to tenure
among engineering faculty at
R1-public institutions in the U.S.
is six years.
2.2 Among faculty promoted to
associate professor (tenure) in
engineering at R1-public U.S.
institutions, men and women
have similar time to tenure (TT).

Variable of
Interest

Statistical Models

Institutional
Retention (IR)
time

– Restricted Mean
Survival Time
– Log-Rank test
– Cox Proportional
Hazard Models

Success
getting tenure
(yes=1, no=0)
by gender

– Chi-Square
– Logistic Regression

Time to
Tenure
(TT)

3.0 Men and women engineering
faculty are equally likely to be
promoted from associate to full
professor at R1-public
institutions in the U.S.

Success
getting
promoted
(yes=1, no=1)
by gender

3.1 The average time to
promotion among engineering
faculty at R1-public institutions
in the U.S. is more than six
years.
3.2 Among faculty promoted to
full professor in engineering at
R1-public U.S. institutions, men
and women have similar time to
promotion to full (TPF).

Time to
Promotion
(TPF)

– Log-Rank Test
– Cox Proportional
Hazard Models

– Chi-Square
– Logistic Regression

– Log-Rank Test
– Subdistribution
Hazards Models
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3.6 Assumptions and Limitations
3.6.1 Assumptions
There are some assumptions that will support the interpretation of the results of this
work. These are derived from the nature of the tenure and promotion process as well as the
nature of universities as independent institutions.
Assumption 1
Once a faculty is listed in the catalog, s/he stays at the department for the whole academic
year. The unit of time analysis in this study was academic years because the catalog data only
allowed for this level of detail. However, such an assumption might not hold, since faculty might
decide to depart in the middle of the academic year. However, such cases are expected to be few,
as the norm is to leave at the end of an academic year.
Assumption 2
Hiring committees at each institution follow non-discrimination policies required by law.
Testing the research hypothesis of equality across gender at the events of tenure, promotion, and
departure assumes that the hiring practices at the studied institutions are already unbiased
towards women. It assumes that hiring committees at each institution select their incoming
faculty according to their standards of quality and are respectful of the non-discrimination
policies that are enforced in U.S. institutions. To some extent, this assumption would imply
equality of conditions for all hires within each institution. Researchers have found that despite
the presence of initiatives such as ADVANCE, implicit biases among faculty at institutions is a
major difficulty to address (Bird, 2011).
Assumption 3
The supply of Ph.D. engineering graduates eligible for faculty hire has a sufficiently large
pool of women to choose from in any of the years of this study. One of the strongest arguments
about the limited advancement of women representation in engineering is the “pipeline”
approach, which argues that the lack of representation of women at the higher faculty ranks is
due to the limited number of women at other levels (Larson, Ghaffarzadegan, & Xue, 2014).
Some have argued that despite the increasing numbers of women Ph.D. graduates in engineering,
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more women were not applying to tenure-track positions (Nelson & Rogers, 2004), resulting in a
limited ability to satisfy the demand for diverse faculty. However, there is empirical evidence
rejecting such a view (Thomas et al., 2015). In addition, the most current numbers, presented in
section 2.1, show that the pipeline issue is not the main issue of the underrepresentation of
women faculty in engineering, as the proportion of women assistant faculty in engineering
nowadays is comparable to the proportion of women Ph.D. graduates in engineering. The interest
of this inquiry is on the times of events once both men and women are on the faculty track.
3.6.2 Limitations
One of the main limitations of this study is the exclusive focus on the time to the events
of interest. Measuring time to tenure, promotion, and departure is of value by itself because of
the significant implications such events have for institutions. However, my analysis will not
consider the reasons behind such events as it will not be possible, for example, to distinguish
between voluntary and non-voluntary departures, or between tenure and promotion processes
that are granted in first evaluation or through an appeal to a denial. Other types of departures,
influenced by more personal preferences—e.g., geographic location, family reasons, etc.—will
not be captured by this analysis either.
Related to the sample size of this study, while 20 institutions are a higher number than
any used before for a descriptive study in the existing literature (Gumpertz et al., 2017; Kaminski
& Geisler, 2012), it represents only 25.3% of the institutions originally targeted (R1-Public),
which still presents some limitations for the generalizability of the results.
A limitation derived from the type of data available in the study of faculty promotion is
that college catalogs only capture effective promotions from one rank to another. However, it is
not possible to track how many times faculty have tried to obtain a promotion before
successfully being promoted. This is particularly relevant in the case of promotion to full
professor, which is a voluntary promotion process for which faculty might be discouraged to
apply (Gardner & Blackstone, 2013). Information on the number of applications to promotion
before success would be an important indicator of disparities during the faculty advancement
paths of men and women.
An additional limitation of the data used in this study is that the faculty included in the
study of promotion at any rank are those that are promoted and decide to stay at the same
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institution. Policies related to promotion, such as those related to the obtention of external offers
in order to obtain a promotion, can discourage faculty from staying at an institution even if they
obtain the expected promotion (O’Meara, 2015). Therefore, the focus on faculty that were
promoted and opted to stay at an institution represents a sample bias in this study. However,
addressing this limitation would involve the availability of institutional records on the
characteristics and conditions of each faculty promotion. Such an endeavor goes beyond the
scope of this study.
Another salient limitation of this analysis is related to the suitability of intersectionality
mentioned in the theoretical tenets. The analysis of gender together with race would be more
desirable than only the effect of gender. However, the methods used to assign faculty gender
could not be extended to classify race. Additional study of this data could be considered by
assigning such information through advanced categorization techniques based on naming
classification and recognition of physical features.
Finally, the study period could be another limitation. While Kaminski and Geisler (2012)
presented an analysis using data from 1990 to 2009 for a smaller number of institutions, the data
collected for this study spanned from 1999 to 2017. There might be significant differences in the
engineering culture and environment between the different periods of study. Therefore, a larger
group of institutions studied over a longer period would better allow for the contrasts and
changes through time to capture the evolution of the field.
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4. RESULTS

As previously discussed, faculty retention and promotion are intertwined events which
influence each other. I also operationalized faculty retention and promotion through the
institutional retention time (IR), time to tenure (TT) and time to promotion (TPF), as well as the
success rates for the different promotion events—promotion to associate (tenure) and promotion
to full. In this chapter, after presenting descriptive statistics, I present the results of inquiries
related to the success rates in promotion to associate and promotion to full professor (2.0 and
3.0). I then examine the results for all inquiries related to the different times (IR, TT, and TPF),
starting with the hypotheses related to average times (1.1, 2.1, and 3.1). Finally, I present the
results of the hypotheses exploring the differences of the times of interest by gender (1.2, 2.2,
3.2). Taken together, the results of each of these sets of hypotheses provide a unique contribution
to the understanding of retention and promotion in engineering at U.S. universities.
4.1 Descriptive statistics
A total of 4,622 faculty members were tracked across the time to follow-up. After
removing left-truncated data (i.e., faculty who were hired and whose events of tenure and
promotion to full professor happened before the first year of observation), there was a total of
2,675 faculty members for whom data was used to address the research questions. Of the total
number of valid observations, 17% were women. To describe the hiring phenomena across
different periods, the hiring of faculty was split into three even cohorts, each spread across
periods of six years. The distribution of the collected data by gender, divided by institution and
cohort, is presented in Table 4.1. It can be observed that the proportion of women faculty has
been increasing over time. The first cohort, hired between 2000 and 2005, was composed of only
13% women hires. Hiring of women increased to 21% between 2012 and 2017. Similar increases
are observed at many of the institutions when analyzed individually. In this sense, it could be
argued that women faculty are being hired at proportions that increasingly resemble a critical
mass proportion of at least 15% across the institutions in this study.
It is important to note that that cohort was defined in order to identify trends across time
within the descriptive statistics. Previous works have divided faculty into cohorts in order to
discard the last group of faculty entering an institution. However, event history analysis does not
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require such exclusion; therefore, cohort was determined to not be an important factor in any of
the models explored in this study. For one institution, data was not available for faculty in the
latest cohort; however, such missing data does not impact the statistical inquiries performed.
Table 4.1. Distribution of faculty at each institution by entry cohort and gender.
Cohort 1
2000-2005
Institution M
W
CLU
61
5
FIU
39
4
FSU
15
2
GMU
11
3
LSU
53
4
OSU
62
11
TTU
53
13
UAR
48
9
UCI
39
10
UCLA
52
7
UCR
36
5
UCSB
36
4
UCSD
62
3
UKY
38
6
UNM
31
7
USCC
42
9
USF
27
6
UTA
46
6
UVA
58
14
UWM
25
2
Total

Cohort 2
2006-2011
M
W
60
13
45
4
34
5
36
7
29
10
42
9
49
7
27
12
27
7
31
8
30
6
20
5
36
7
52
4
27
13
39
5
33
8
42
7
46
7
29
3

Cohort 3
2012-2017
M
W
60
22
32
8
26
3
31
12
NA NA
65
24
39
14
25
7
20
10
55
15
41
5
20
8
52
17
45
11
26
3
7
2
33
3
31
4
31
7
13
3

834 130 734
147
652 178
(87%) (13%) (83%) (16%) (78%) (21%)

Total
M
181 (82%)
116 (88%)
75 (88%)
78 (78%)
82 (85%)
169 (79%)
141 (81%)
100 (78%)
86 (76%)
138 (82%)
107 (87%)
76 (82%)
150 (85%)
135 (87%)
84 (79%)
88 (85%)
93 (85%)
119 (88%)
135 (83%)
67 (89%)

W
40 (18%)
16 (12%)
10 (12%)
22 (22%)
14 (15%)
44 (21%)
34 (19%)
28 (22%)
27 (24%)
30 (18%)
16 (13%)
17 (18%)
27 (15%)
21 (13%)
23 (21%)
16 (15%)
17 (15%)
17 (13%)
28 (17%)
8 (11%)

2220
(83%)

455
(17%)

M = Men, W = Women
NA = Data not available for institution

Table 4.2 shows the distribution of the total number of faculty in the study by hiring
cohort and rank at hiring. It is important to notice that the evolving nature of the gender
demographics is equally noticeable when exploring the different ranks at which faculty are hired.
The proportion of women faculty hired at the assistant level at the considered institutions
increased from 15% to 23%. Similarly, the proportion of women faculty hired at the associate
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level increased from 16% to 24%, and the proportion of women faculty hired at the full professor
level doubled from 7% to 14%.
Table 4.2. Distribution of faculty hired between 2000 and 2017 in sampled institutions by rank
and hiring cohort.
Rank at
Hiring
Assistant
Associate
Full
Total

Cohort 1
M
F
509
89
(85%)
(15%)
135
26
(84%)
(16%)
190
15
(93%)
(7%)
834
130
(87%)
(13%)

Cohort 2
M
F
520
117
(82%)
(18%)
89
14
(86%)
(14%)
125
16
(89%)
(11%)
734
147
(83%)
(17%)

Cohort 3
M
F
440
131
(77%)
(23%)
74
24
(76%)
(24%)
138
23
(86%)
(14%)
652
178
(79%)
(21%)

Total
M
1469
(81%)
298
(82%)
453
(89%)
2220
(83%)

F
337
(19%)
64
(18%)
54
(11%)
455
(17%)

Finally, descriptives by engineering area, gender, and hiring cohort are shown in Table
4.3. This is relevant because it shows the different engineering areas that have reached the 15%
threshold determined by CMT (Kanter, 1977). While this representation depicts only the hiring
groups and does not adjust for the faculty that is already in the departments, these numbers do
reflect tendencies of changing compositions at specific engineering departments.
For example, the areas of bioengineering and biomedical engineering (BIOE-M) showed
a growth in the representation of women from 8% in the first cohort to 23% in the last cohort.
Similarly, computer science and engineering grew its women faculty hired from 10% in the first
cohort to 20% in the last cohort. Nevertheless, other engineering areas show either a persistent
lack of representation of women in their hiring or inconsistent hiring patterns. Such are the cases
of aerospace engineering and the pooled group consisting of mines, nuclear, and petroleum
engineering.
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Table 4.3. Men and Women representation among faculty hired by cohort and engineering
program.
Engineering
program
AERO
AG-BIO
BIOE-M
CHEME
CIVIL
CSE
ECE
INDSYS
MATS
MECH
MNP

Cohort 1
Men
33 (87%)
51 (82%)
54 (92%)
67 (80%)
104 (82%)
148 (90%)
199 (89%)
52 (79%)
43 (93%)
136 (88%)
13 (100%)

Women
5 (13%)
11 (18%)
5 (8%)
17 (20%)
23 (18%)
16 (10%)
25 (11%)
14 (21%)
3 (7%)
19 (12%)
0 (0%)

Cohort 2
Men
26 (81%)
26 (79%)
85 (87%)
79 (88%)
116 (83%)
106 (82%)
138 (86%)
50 (74%)
21 (75%)
120 (86%)
17 (81%)

Women
6 (19%)
7 (21%)
13 (13%)
11 (12%)
24 (17%)
23 (18%)
22 (14%)
18 (26%)
7 (25%)
19 (14%)
4 (19%)

Cohort 3
Men
37 (88%)
12 (80%)
63 (77%)
56 (72%)
89 (74%)
102 (80%)
133 (84%)
56 (70%)
22 (81%)
137 (83%)
18 (95%)

Women
5 (12%)
3 (20%)
19 (23%)
22 (28%)
32 (26%)
25 (20%)
25 (16%)
24 (30%)
5 (19%)
28 (17%)
1 (5%)

BIOE-M = Bioengineering and Biomedical Engineering
MNP = Mines, Nuclear, and Petroleum Engineering

4.2 Faculty promotion success rates by gender
Hypotheses addressing success in promotion were:
2.0 Men and women engineering faculty are equally likely to be promoted from assistant
to associate professor (achieve tenure) at R1-public U.S. institutions.
3.0 Men and women engineering faculty are equally likely to be promoted from associate
to full professor at R1-public U.S. institutions.
Both hypotheses were explored through chi-square tests of independence and mixed effects
logistic regression models. Chi-square tests address these hypotheses with an exclusive focus on
success rates. On the other hand, mixed effects logistic regression models allow to estimate the
odds of the promotion event, controlling for additional individual and institutional-level
covariates. Therefore, mixed effects logistic regression models provide a more nuanced picture
of the promotion phenomena.
Table 4.4 presents the results of the chi-square tests for the two promotion events of
interest. There was no significant difference in the success rate by gender at any of the two
promotion events explored: getting promoted from the assistant to the associate level (getting
tenured) or getting promoted from associate to full professor.
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Table 4.4. Prevalence of promotion events among faculty at the assistant level [Men (n=1,496),
Women (n=336)], and at the associate level [Men (n=553), Women (n=100)]

Promotion Event
Promoted to associate professor (Tenured)

Men
N
%
696 46

Women
n
%
142
42

Promoted to full professor

377

61

68

61

𝜒𝜒 2 (1)
2.01
1.66

p-value
0.15
0.19

As discussed in the methods section, one limitation of previous studies is that faculty
advancement is traditionally considered a linear process in which faculty are hired as assistant
professors and then progress to higher faculty ranks. Within this linear approach, hiring at higher
ranks or differentiation by rank at hiring are usually ignored when analyzing faculty promotion
(Gumpertz et al., 2017; Kaminski & Geisler, 2012). Because hiring can happen at any rank (see
Figure 3.1), I analyzed the event of promotion to full professor by rank at hiring. Table 4.5
summarizes the chi-square tests on the independence between promotion to full professor and
gender among faculty hired as assistant professors and among those hired as associate professors.
The test conducted among faculty that was hired at the assistant level showed significant
differences in the proportion of men and women promoted to full professor (p<0.05). On the
other hand, the test among faculty hired at the associate level showed no significant difference in
the proportion of promoted faculty across gender (p>0.05).

Table 4.5. Prevalence of the event of promotion to full among faculty hired at the assistant level
[Men (n=355), Women (n=64)], and hired at the associate level [Men (n=198), Women (n=39)]

Promotion Event
Promoted to full when hired as assistant

Men
n
%
262 74

Women
n
%
38
59

Promoted to full when hired as associate

115

23

55

63

𝜒𝜒 2 (1)
4.86
0.21

p-value
0.02
0.64

I conducted different logistic regression models, including the covariates described in
section 3.4.1. In these models, gender, engineering program, the adoption of an ADVANCE
program, and the presence of a women leader in the institution’s history were considered fixed
effects. On the other hand, the effect of institution was modeled as a random effect because the
sample of 20 institutions in this study was a subgroup of a larger population of R1-public
institutions. The significance of the random effect due to institution is evaluated through the
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comparison of the models with and without the effect through the likelihood ratio test. If the
random effect is significant, the model with mixed effects (fixed and random) was preferred.
The comparison of regular and mixed effect logistic regression models analyzing both
promotions—promotion to associate and promotion to full—resulted in a significant effect for
each of them, with χ2(1)=1, p<0.001. The significance of the mixed effect of institution means
that there was a significant difference in the probability to promotion by institution, and a
different intercept in the regression model is built for each institution. However, since the
difference by institution is not of primary interest in this study, the results are focused in the
fixed effects after controlling for the effect of institutions. Therefore, the models reported in
Tables 4.6 and 4.7 reflect estimates from the mixed effects logistic regression models after
controlling for institution.
According to Table 4.6, there was no significant effect of gender on the likelihood to get
promoted to associate professor (tenure), nor was there a significant effect of the institutional
variables of “having had a women leader” and “having adopted an ADVANCE initiative.”
However, there were some significant effects of the engineering program where the faculty
belonged. For the model of promotion to associate, the baseline engineering program was ECE,
because it was the program with the lowest proportion of women faculty among those that had at
least one hundred faculty. When compared to ECE as baseline, faculty in departments of
Industrial and/or Systems Engineering (INDSYS) were 16% less likely to be promoted to
associate. Similarly, faculty at mechanical engineering programs (MECH) were 10% less likely
to be promoted to associate. Both of these effects were independent of gender, which was not
significant. On the other hand, the general model predicting the likelihood of promotion to full
did not show any significant effect of any of the explored variables. For this model, the baseline
engineering program was Computer Science and Engineering (CSE), which was selected based
on the smallest proportion of women faculty among programs with more than one hundred
faculty.
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Table 4.6. Mixed effects logistic regression models predicting promotion to associate (tenure)
and promotion to full professor

Covariates
Individual level
Women
AERO
AG-BIO
BIOE-M
CHEME
CIVIL
CSE
ECE
INDSYS
MATS
MECH
MSP
Institutional level
Women Leader
ADVANCE
Intercept
N

Promotion to associate
(tenure)
OR
OR
95% CI
0.97
0.96
0.99
0.98
0.95
0.94
0.96

[0.91, 1.02]
[0.84, 1.09]
[0.87, 1.12]
[0.89, 1.08]
[0.87, 1.04]
[0.87, 1.01]
[0.89, 1.04]

0.84*
1.04
0.9*
0.86

[0.76, 0.92]
[0.89, 1.22]
[0.84, 0.97]
[0.72, 1.02]

1.05
0.98
1.7

[0.91, 1.21]
[0.88, 1.09]
[1.53, 1.89]
1,798

Promotion to full

OR

OR
95% CI

0.95
0.99
0.91
0.96
1.02
1.03

[-0.14, 0.04]
[-0.19, 0.17]
[-0.29, 0.09]
[-0.2, 0.11]
[-0.13, 0.17]
[-0.11, 0.16]

0.95
0.9
1.1
0.96
0.84

[-0.16, 0.07]
[-0.28, 0.07]
[-0.11, 0.31]
[-0.17, 0.08]
[-0.51, 0.16]

0.93
0.9
2.17

[-0.24, 0.08]
[-0.23, 0.02]
[0.64, 0.91]
712

Notes: Baseline Dept for Tenure Model = ECE
Baseline Dept for Promotion to full model = CSE
*p-value<0.05, **p<0.01, ***<0.001

Given the previous evidence on the difference in the probabilities of promotion across
rank at hiring, I conducted additional models analyzing for faculty entering at different ranks.
Table 4.7 shows the results of these additional models. In the case of faculty hired at the assistant
level, the effect of gender was non-significant when controlling for all other factors. The
presence of an ADVANCE program had a negative relation with promotion to full among faculty
hired as assistant professors. The likelihood of becoming full professor was lower by 14%
among faculty at institutions with ADVANCE programs, independently of gender. Among
faculty hired as associate professors, no factors affected the likelihood of promotion to full
professor.
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Table 4.7. Mixed effects logistic regression models for promotion to full professor among faculty
hired at different ranks.
Promotion to full professor by rank of hiring

Covariates
Individual Level
Women
AERO
AG-BIO
BIOE-M
CHEME
CIVIL
ECE
INDSYS
MATS
MECH
MNP
Institution Level
Women Leader
ADVANCE
Intercept
N

Hired as assistant
OR
OR
95% CI

Hired as associate
OR
OR
95% CI

0.89
1
0.88
0.99
1.03
1.11
0.98
0.84
1.19
0.99
1.21

[0.79, 1]
[0.82, 1.23]
[0.71, 1.1]
[0.82, 1.19]
[0.87, 1.19]
[0.94, 1.3]
[0.86, 1.1]
[0.67, 1.06]
[1.3, 1.44]
[0.35, 1.11]
[0.64, 2.11]

1.1
0.98
0.92
0.98
1.01
0.91
0.92
0.96
0.97
0.92
0.76

[0.94, 1.29]
[0.69, 1.38]
[0.67, 1.27]
[0.73, 1.3]
[0.77, 1.33]
[0.73, 1.15]
[0.74, 1.14]
[0.72, 1.28]
[0.66, 1.41]
[0.73, 1.16]
[0.5, 1.17]

0.93
0.86*
2.36

[0.81, 1.03]
[0.79, 0.93]
[2.06, 2.69]

0.99
1.13
1.7

[0.74, 1.33]
[0.91, 1.4]
[1.31, 2.19]
263

449

Notes: Baseline Dept. for both models = CSE
*p-value<0.05, **p<0.01, ***<0.001

4.3 Average Time to the Events of Interest
Hypotheses addressing average times related to faculty retention and promotion were:
1.1 Engineering faculty at R1-public institutions in the U.S. are retained for less than 10
years.
2.1 The average time to tenure among engineering faculty at R1-public institutions in the
U.S. is six years
3.1 The average time to promotion among engineering faculty at R1-public institutions in
the U.S. is more than six years.
These hypotheses were addressed through the use of mean time to event. Median time to event
(i.e., the time at which 50% of the population of interest has experienced the event) has been
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argued to be a better estimator for the analysis of time to event (Hosmer, Lemeshow, & May,
2008). However, median estimates are less reliable when the minimum proportion of events is
above 50%, which is the case for many of the times estimated here. Therefore, mean time to
event is preferred as an estimate of the average time to the event of interest. Table 4.8
summarizes the mean time to event for all the times of interest in this study with the
corresponding 95% confidence intervals. The general estimate for the mean IR was 13.05 years,
and the CI estimates are high—well above the 10-year threshold hypothesized in hypothesis 1.1.
This result does not change when analyzing IR while adjusting by rank at hiring, with all IR
times remaining above the 10-year mark.
Testing hypothesis 2.1, it was estimated that time to tenure was 5.98 years, which is
practically equivalent to the hypothesized value of 6 years. The CI limits are high, showing a
small dispersion around the mean value. Finally, analyzing time to the event of promotion, the
estimates were above 6 years, based on the CI calculations in general. This result held despite the
rank at hiring of faculty.
Table 4.8. Mean time to event for the different events of interest

Time of interest
IR
(event:
departure)
Time to Tenure
Time to
Promotion

Rank at hiring
Any
Assistant
Associate
Full
Assistant
Any
Assistant
Associate

Sample
N
Events
2675
784
1806
504
362
116
507
164
1223
825
1304
479
896
324
408
155

Mean time to event
Years (sd)
95% CI
13.05 (0.14)
[12.77, 13.32]
13.23 (0.17)
[12.89, 13.56]
12.76 (0.38)
[12.01, 13.50]
12.7 (0.31)
[12.09, 13.30]
5.98 (0.06)
[5.85, 6.10]
9.69 (0.25)
[9.2, 10.18]
9.15 (0.26)
[8.64, 9.65]
9.81 (0.42)
[8.98, 10.63]

4.4 Gender differences on average time to the events of interest
Hypotheses addressing gender differences on the average times related to faculty
retention and promotion were:
1.2 Men and women engineering faculty at R1-public institutions in the U.S. have similar
IR times.
2.2 Among faculty promoted to associate professor (tenure) in engineering at R1-public
U.S. institutions, men and women have similar time to tenure (TT).
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3.2 Among faculty promoted to full professor in engineering at R1-public U.S.
institutions, men and women have similar time to promotion to full professor (TPF).
The results of the comparisons by gender of the mean time to the different events of
interest are presented in Table 4.9. For the analysis of institutional retention there was no
significant difference in the overall average IR between men and women. The absence of such
difference is also illustrated in Figure 4.1. However, other relationships showed when
considering rank at hiring in the analysis. First, there was no difference in IR among faculty
hired as assistant professor (p>0.80). Figure 4.2 shows KM curves for men and women
overlapping almost perfectly among this faculty group. Then, for faculty hired as associate
professor, there was a modest evidence of gender differences in IR (p<0.10). Figure 4.3
illustrates this effect of gender in the separation of the KM curves. Finally, there were significant
differences in IR (p<0.05) for faculty hires at the full professor level. Figure 4.4 indicates such
evidence by a clear separation of the KM curves by gender among full professors.
Table 4.9. Mean time to event by gender among all events of interest

Rank at
hiring
Any
Assistant
Associate
Full
Assistant

Years
12.9
12.64
12.52
12.07
5.96

95% CI
[12.66, 13.25]
[12.31, 12.98]
[11.70, 13.35]
[11.47, 12.66]
[5.83, 6.09]

Years
13.57
12.76
13.99
14.07
5.79

95% CI
[12.88, 14.26]
[12.01, 13.50]
[12.22, 15.76]
[12.48, 15.64]
[5.52,6.05]

P-value
of log-rank
test
stratified by
institution
0.176
0.845
0.081
0.027
0.983

Any
Assistant
Associate

8.46
7.64
8.44

[8.05, 8.87]
[7.30, 7.99]
[7.74, 9.14]

9.55
8.62
8.79

[8.55, 10.56]
[7.81, 9.42]
[7.11, 10.47]

0.108
0.047
0.959

Mean time to event
Time to
event of
interest
Institutional
Retention

Time to
Tenure
Time to
Promotion
to Full

Men

Women
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Figure 4.1. IR time across all hired faculty by gender.

Figure 4.2. IR time across faculty hired as assistant professor by gender.
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Figure 4.3. IR time across faculty hired as associate professor by gender

Figure 4.4. IR time across faculty hired as full professor by gender.
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Comparisons of IR, TT, an TPF by gender at each specific engineering area are included
in Appendix C. No significant difference was identified across genders in any engineering area.
In addition to the comparison by gender through the log-rank test, I also conducted Cox
proportional models with mixed effects. In such models, institution was included again as a
random effect, which was significant in all models (χ2(1)=1, p<0.001). Cox models provide
estimates of the effect of covariates in the hazard ratio (HR) of the event of interest. These
effects are assumed to be constant through time. Table 4.10 shows the effects of the covariates of
interest into the HR for departure by faculty group. The hazard rate of departure for faculty in
INDSYS was higher than that for ECE faculty in three of the models. When comparing all
faculty hired as assistant professor, INDSYS faculty were 46% more likely to depart at any given
time than ECE faculty. When focusing exclusively on faculty hired as assistant professor, the
risk of departure for INDSYS faculty was 71% higher than that of ECE faculty at any given
point. Finally, for faculty hired as full professor, INDSYS faculty were almost twice as likely to
depart than ECE faculty at any point in time.
The other significant effect observed in these models was that of gender among faculty
hired at the full professor level. In this group, women were 54% less likely to depart than men at
any point in time. These results are consistent with those obtained through the log-rank test.
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Table 4.10. Cox proportional mixed effects models for institutional retention for all faculty and
by subgroups of faculty by rank at hiring.
All faculty

Faculty hired as
assistant
HR
HR
95% CI

Faculty hired as
associate
HR
HR
95% CI

Faculty hired as full
HR

HR
95% CI

HR

HR
95% CI

Women

0.83

[0.68, 1.01]

0.94

[0.74, 1.18]

0.72

[0.44, 1.19]

0.46*

[0.24, 0.88]

AERO

1.01

[0.67, 1.54]

0.84

[0.49, 1.46]

0.81

[0.24, 2.73]

1.7

[0.79, 3.63]

AG-BIO

1.15

[0.79, 1.67]

1.16

[0.73, 1.84]

1.85

[0.88, 3.89]

0.5

[0.15, 1.69]

BIOE-M

0.86

[0.64, 1.17]

0.74

[0.5, 1.09]

1.01

[0.47, 2.16]

1.34

[0.72, 2.49]

CHEME

1.05

[0.8, 1.38]

0.91

[0.64, 1.31]

0.94

[0.47, 1.87]

1.64

[0.93, 2.9]

CIVIL

0.98

[0.77, 1.25]

0.91

[0.68, 1.23]

0.92

[0.5, 1.7]

1.51

[0.8, 2.87]

CSE

1.03

[0.81, 1.3]

1.08

[0.81, 1.44]

0.69

[0.35, 1.35]

1.08

[0.63, 1.86]

1.46**

[1.1, 1.93]

1.71**

[1.21, 2.41]

0.65

[0.3, 1.4]

1.97*

[1.02, 3.81]

Covariates
Individual level

INDSYS
MATS

0.87

[0.58, 1.3]

0.63

[0.32, 1.21]

0.77

[0.29, 2.04]

1.25

[0.65, 2.39]

MECH

1.02

[0.81, 1.28]

0.9

[0.67, 1.21]

1.09

[0.61, 1.95]

1.52

[0.91, 2.52]

1.15

[0.66, 2.01]

1

[0.46, 2.18]

1.03

[0.35, 3.01]

2.05

[0.6, 6.96]

Women leader

0.91

[0.62, 1.34]

0.89

[0.57, 1.4]

0.94

[0.43, 2.06]

0.94

[0.45, 1.95]

ADVANCE

0.98

[0.73, 1.31]

0.93

[0.66, 1.32]

0.77

[0.45, 1.32]

1.44

[0.85, 2.46]

MNP
Institution level

N

2925

1966

408

551

Events

860

546

133

181

Notes: Baseline Engr. Program for all models = ECE
*p<.05, **p<.01, ***p<.001

The comparison of time to tenure by gender resulted in no significant differences
between men and women (see Table 4.9). Both groups were centered around six years with high
confidence intervals. Because promotion to tenure has the competing risk of departing without
tenure, I conducted an additional analysis in which competing risks are simultaneously analyzed
and compared by gender. This comparison is presented graphically in Figure 4.5, which
illustrates the p-values for the gender comparison of each possible event. These results indicate
no difference in becoming tenured by gender. However, there was a significant difference by
gender in the probability of departing without tenure, with men being more likely to leave
without tenure than women at any given time.
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Figure 4.5. Cumulative incidence curves for competing risks among assistant professors by
gender
For the comparisons of time to promotion to full by gender, I found that there was no
difference by gender when comparing all faculty at the associate level. The absence of such
differences is illustrated in the competing risk analysis shown in Figure 4.6, where the events of
departing as associate and becoming full professor are the competing risks of interest.

Figure 4.6. Cumulative incidence curves for competing risks among all associate professors by
gender.
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However, when separating associate professors by their rank at hiring, there was a
significant difference by gender in TPF among faculty that were hired at the assistant level.
When conducting the competing risks analysis, there was a significant difference at the 0.10
level among faculty becoming full professor and a significant difference at the 0.05 level among
faculty departing as associate (see Figure 4.7). These results show that women are overall more
likely to depart as associate and less likely to become full professors at any given time.

Figure 4.7. Cumulative incidence curves for competing risks among associate professors that
were hired at the assistant level by gender.
Finally, in the competing risks analysis of faculty hired at the associate level, there was
no difference across gender in the probabilities of becoming full professor. However, there was
some evidence (at the 0.10 significance level) that men were more likely to depart as associate
professors than women at any given time (see Figure 4.8).
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Figure 4.8. Cumulative incidence curves for competing risks among associate faculty that were
hired at the same rank by gender.
In order to include additional factors in modeling time to promotion, I executed clustered
subdistribution hazard models. In order to control for their variability within institutions,
institution was used as the clustering covariate. The resulting models are shown in Table 4.11.
For the time to promotion to associate (tenure) faculty, I found that faculty in AERO programs
were 62% less likely to become full professors at any given time when compared to CSE faculty.
For TPF among all faculty at the associate level, the institutional factor of having an ADVANCE
initiative increased the likelihood of promotion at any given time by 70%; therefore, faculty at
institutions with ADVANCE programs had shorter TPF. When considering the rank at hiring, the
effect of ADVANCE programs was even higher, with faculty at institutions with ADVANCE
programs being more than two times more likely to be promoted at any given time than faculty at
institutions without such programs. Additionally, faculty at CIVIL programs were less likely to
be promoted to full than CSE faculty at any given time. Finally, among faculty hired as
associate, there were no effects explaining the likelihood to get promoted to full at any point in
time.
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Table 4.11. Clustered subdistribution hazard models by promotion type adjusting for personal
and institutional covariates.

Covariates

Promotion to
associate (tenure)
among all faculty
hired as assistant
HR
HR 95% CI

Promotion to full
among all associate
professors
HR

HR 95% CI

Promotion to full
among faculty hired
as assistant
HR

HR 95% CI

Promotion to full
among faculty
hired as associate
HR

HR 95% CI

Individual level
Women
0.74
[0.54, 1.01]
1.09
[0.78, 1.53]
1.44
[0.94, 2.21] 0.74 [0.43, 1.27]
AERO
0.42*
[0.2, 0.89]
0.89
[0.41, 1.92]
0.95
[0.39, 2.36] 0.76 [0.17, 3.46]
AG-BIO
0.79
[0.43, 1.44]
1.67
[0.89, 3.1]
1.53
[0.69, 3.38] 1.84 [0.67, 5.08]
BIOE-M
0.7
[0.46, 1.08]
1.12
[0.62, 2.03]
0.87
[0.4, 1.89]
1.5
[0.59, 3.84]
CHEME
0.75
[0.46, 1.21]
1.02
[0.57, 1.86]
0.8
[0.36, 1.76]
1.3
[0.5, 3.4]
CIVIL
0.89
[0.67, 1.17]
0.83
[0.49, 1.4]
0.45*
[0.2, 0.99]
1.43 [0.65, 3.19]
ECE
0.85
[0.64, 1.14]
1.29
[0.83, 2.01]
1.07
[0.61, 1.85]
1.6
[0.75, 3.41]
INDSYS
1.35
[0.89, 2.05]
1.3
[0.73, 2.3]
1.44
[0.69, 2.98] 1.12 [0.45, 2.81]
MATS
0.67
[0.33, 1.33]
0.8
[0.33, 1.92]
0.5
[0.11, 2.18] 1.13 [0.36, 3.56]
MECH
0.83
[0.58, 1.2]
1.15
[0.72, 1.85]
0.97
[0.53, 1.77] 1.48 [0.67, 3.28]
MNP
0.89
[0.32, 2.5]
1.27
[0.49, 3.29]
NA
NA
2.01
[0.67, 6]
Institution level
Women leader
1.41
[0.79, 2.5]
1.49
[0.99, 2.25] 1.85*
[1.1, 3.11]
1.23 [0.63, 2.41]
ADVANCE
0.96
[0.61, 1.5]
1.7*
[1.2, 2.42]
2.68*
[1.56, 4.6]
0.83 [0.51, 1.35]
N
1,936
1,305
897
408
Events
881
479
324
155
Notes: Baseline Engr. Program for all models = CSE; NA represent unreliable estimates due to zero women
faculty promoted to full in MNP.
*p<.05, **p<.01, ***p<.001

The models presented in Table 4.11 represent inquiries beyond the original research questions.
Nevertheless, they provide valuable insights for future research directions.
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5. DISCUSSION AND CONCLUSIONS

In this chapter, I locate the results presented in Chapter 4 within the existing literature on
faculty advancement and gender differences in professional environments. This work was
conducted with the objective of describing potential gender disparities in institutional retention
times, time to tenure, and time to promotion. However, none of the proposed research questions
aimed to explain the reasons behind such potential gender differences. Therefore, the value of
this work relates to increasing the evidence of the advancement towards a more diverse
engineering faculty body in terms of gender, not to determining the reasons behind such
advancements.
In each section of this chapter, I discuss the results derived from a specific research
question addressed in this study. While this project was descriptive and not explanatory in
nature, some potential paths for future research have been realized from the exploration of
additional individual and institutional level factors in the retention and promotion of engineering
faculty. The contribution of this work considered alongside other existing empirical evidence
provides a myriad of future research directions that I also summarize in a subsequent section. I
conclude the chapter with a summary of results and contributions of this work in the context of
the advancement of engineering faculty diversity.
5.1 Discussion
In this section, each research question is discussed, highlighting the results obtained in
Chapter 4 and addressing the existing evidence that might sustain such findings.
5.1.1 Institutional Retention by gender
Average Institutional Retention
Average institutional retention (IR) times were above 10 years for all faculty across rank
and gender. Average IR time was similar for men and women among faculty hired at the
assistant level. However, average IR times were different for men and women among
faculty hired at the associate and full levels, with men departing earlier than women.
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The estimate of 10 years as the minimum retention time required to have a positive return
of investment on the hiring of new faculty (Callister, 2006) has been accepted by researchers and
has been used in previous works to evaluate institutional performance. In the case of Kaminsky
and Geisler (2012), it was found that estimates of retention times of faculty among four
engineering areas included the 10-year mark, without any significant differences by gender. In
the case of Gumpertz et al. (2017), it was found that although women faculty were more likely to
depart sooner than men faculty in engineering, the median retention times for both genders were
above 10 years.
While it has been recognized that faculty departures at different stages in their careers are
most likely due to different causes (Ehrenberg et al., 1991), the entry at different faculty ranks
has not attracted similar attention. The availability of hiring data at all faculty ranks allowed for a
more nuanced analysis of IR by rank at hiring. The average IR times were all above 10 years at
all ranks of hiring and across gender. While men and women faculty had similar IR times when
hired as assistant professors, the differences across gender were evident among faculty hired at
the associate and full professor levels.
Similarities in IR times between men and women faculty at the assistant professor level
are not surprising. In fact, significant efforts have been devoted to close the historical gap in
faculty advancement in engineering (Bilimoria et al., 2008; Sturm, 2006). It might be that the
parity in IR time between male and women assistant faculty is related to the policies that have
been implemented during the last few decades. Therefore, the evidence provided by this analysis
support that male and women engineering faculty are retained for comparable times. Inquiries
into the relationship between initiatives to support the advancement of women and the actual IR
time are required to ultimately determine any potential causal effect.
Furthermore, critical mass theory (CMT) also aligns with the absence of difference across
gender at the assistant level. The fact that men and women assistant professors are retained for
similar times can be interpreted as an outcome of the increasing number of women faculty at this
level. According to CMT, minority groups become more empowered when they reach and
surpass the threshold of 15% representation (Kanter, 1977). This theory has been empirically
explored in the context of science and engineering departments; Main (2018) found that the
likelihood to complete their degree among women Ph.D. students increased with the proportion
of women faculty at their department of affiliation. Studies about STEM faculty found that at
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departments with a critical mass of women faculty, the gendered division of labor decreased;
therefore, demands for women faculty on teaching and service dropped, and as a consequence,
the proportion of time they could devote to research increased (Carrigan et al., 2011).
Understanding IR when faculty are hired at the ranks of associate or full professor
requires a more detailed exploration. Departures at this level might be due to a change of
institution or to retirement. Among those due to a change of institution, it would be necessary to
understand the reasons behind the change in order to uncover potential differences across gender.
For example, faculty might move to other institutions at the associate and full level because of a
salary raise, research environment, location, institutional prestige, etc. Research has shown that
salary may not be a primary motivator of faculty to leave an institution; a variety of intrinsic
motivators, such as quality of life and personal fulfillment, might nowadays be more significant
reasons to leave (Johnsrud & Rosser, 2002). Institutions competing to retain talented faculty
must now pay attention to issues that go beyond the purely economic factors.
In addition, the accumulated experience of associate and full faculty makes them
appropriate candidates to move up the academic ladder and obtain leadership positions.
Additional details of the rank at hiring are needed (e.g., if they obtained a head position). If such
transitions to leadership are taking place, it would also support Kramer’s view of CMT, in which
reaching three or more members of a minority group in leadership positions can positively
impact the advancement of the whole group. Ehrenberg et al. (2010) showed quantitatively that
the presence of women in institutional leadership (presidents/chancellors, provosts/vice
presidents, and trustees) affected positively the share of women faculty at the studied institution.
However, the effects only existed among institutions that reached CMT in leadership positions
according to the perspective of Kramer et al. (2006).
A first exploration of the 55 women faculty included in their study, who were all hired as
full professors at their institutions, reveals that 22 (40%) had a leadership or distinguished
position in addition to being full faculty at the same or another institution. Evaluating the
proportion of men faculty who start their positions as full professors and simultaneously have an
administrative role would provide new insights about the differences by gender at the leadership
level in engineering. In this sense, it would support the exploration of the phenomenon known as
the “glass ceiling,” which has documented that women advancement through the higher ranks of
academia is undermined by the different elements of the academic culture, making it more
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challenging for women to reach the higher ranks of full professor as well as leadership positions
(Sanders, Willemsen, & Millar, 2009). In a quantitative study of the perceptions of 188 women
full professors at 14 Dutch universities, it was found that the absence of a women-friendly
environment influenced the perception of women faculty about their likelihood to obtain the
highest professorship rank (Sanders et al., 2009). Similar studies have not been conducted in the
U.S. context yet, and the evidence presented here might support the existence of such
differences. Future endeavors in this area might impact two of the main issues related to
voluntary processes on the academic path: retention after tenure and motivation to apply to
promotion from associate to full.
5.1.2 Time to Tenure by Gender
Men and women faculty were equally likely to achieve tenure. Men and women faculty
have comparable times to tenure.
The gender parity in the likelihood to achieve tenure and the time to achieve tenure might
also be related to the gains in critical mass at the assistant level. Research has documented that
the experiences of women faculty in science and engineering are infused by isolation, the lack of
role models, and the need to demonstrate higher achievements than their male counterparts
(Liang & Bilimoria, 2007; Rosser, 2004). Nevertheless, the gains in the work environment for
women engineering faculty due to their increasing presence at the assistant rank need further
study. The impact of a critical mass of tenured women faculty on the satisfaction of pre-tenured
faculty has been explored in the areas of English, finance/accounting, management, and history.
Results showed that the achievement of a critical mass of tenured women faculty positively
impacted the satisfaction of women faculty at the assistant level at departments where the
presence of women were more scarce (Bouvier, 2013).
Furthermore, it is possible that the effect of parity is due to the positive effect of
initiatives to support the advancement of women (e.g., ADVANCE). In the case of the 20
institutions in the sample, 12 (60%) were granted NSF support for an ADVANCE initiative on
their campus. ADVANCE grants for institutional transformation have a variety of positive
outcomes, including the creation of new structures (e.g., institutional research), positions (e.g.,
deans for faculty development and diversity), and groups (e.g., lactation centers for nursing
mothers). Furthermore, other essential results from the implementation of ADVANCE initiatives
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are the creation and modification of policies such as those related to dual-career hiring, job
sharing, work-life integration, tenure clock extension, and family-friendly policies (Bilimoria et
al., 2008).
It is known that the adoption of policies is not enough to promote their use. The
implementation of these policies should be accompanied by a cultural shift towards the
acceptance and de-stigmatization of their use (Thompson, Beauvais, & Lyness, 1999). For
example, despite the existing policies for the extension of the tenure clock, it has been
documented that women faculty tend to guide their parenting decisions around the tenure time.
In her study of Canadian women faculty, Armenti (2003) found that women in her sample
believed that having children before obtaining tenure was detrimental for their career. In their
study about associate professors, Stout et al. (2007) also found that a significant number of
women faculty in their sample opted to wait to start childrearing until after tenure.
Other arguments surrounding the implementation of some policies is that they might be
overused by some groups, underutilized due to perceived social or professional constraints, or
not implemented equally across institutions. While family-friendly policies are offered to faculty
of both genders, some argue that males can take unfair advantage of such policies (Rhoads &
Rhoads, 2012). Studying further evidence on the gender disparity in the use of family-friendly
policies, Lundquist et al. (2012) found that women were more likely to take a paid parental
leave, but faculty in a STEM field had reduced likelihood of taking a parental leave when
controlling for gender and other factors. The low propensity to use tenure track time extensions
has been confirmed by other research (Quinn, 2010). In addition, an issue related to universities
being incongruous, gendered bureaucratic structures is that policies that are implemented at the
institutional level might not be promoted at the department level.
A review of the tenure and promotion policies at each institution confirmed that all of
them had a policy available to extend the tenure clock. From the presented results, only 20% of
women faculty and 15% of male faculty had TT times longer than 6 years. However, despite
comparable times to tenure across gender, it is unclear if the policies to support the tenure
process have been effective. Further inquiries should analyze this relationship to support the
success of the policy initiatives.
An alternative explanation to the success of such policies would imply that women
develop strategies to cope during the tenure-track process. Karpman (2015) studied the
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experiences of tenured women engineering faculty and the strategies they used to navigate the
male-dominated profession. Among such strategies was seeking the information needed to be
successful, finding formal and informal mentors, and pursuing leadership roles. Interestingly, the
perception of the use of family-friendly policies was different between women faculty at
different institutions. While faculty at one institution perceived them as effective and helpful,
faculty at a second institution perceived a stigma for taking such benefits (e.g., taking a leave);
finally, faculty at a third institution believed that it was important to have such policies, but their
interpretation was still unclear (Karpman, 2015).
Therefore, while there was a lack of differences across gender in the rate of tenure
success and TT, there is more that requires to be addressed to obtain a better picture of what is
behind such results. It is important to assess if policies to support the advancement of faculty
through the faculty ranks are being used and if institutional transformations promoting the
advancement of women and minorities have been the primary tools for the success of
engineering faculty.
Although family-friendly policies represent only one aspect supporting faculty
advancement, they have been documented to be only one of many elements influencing the
success of women faculty. In a study of family-friendly policies at 17 midwestern institutions,
Gerten (2011) found that family-friendly policies were not enough and had to be complemented
with formal policies supporting career success that would be explicitly different from the familyoriented efforts. Examples of these would be clearer tenure guidelines, mentoring, flexible tenure
timelines, and part-time tenure-track positions.
5.1.3 Time to Promotion by Gender
Men and women faculty are equally likely to be promoted from associate to full professor
only when they are hired at the associate level. When hired at the assistant level, women
are less likely to become full professor; consequently, they are more likely to depart as
associate professors.
In general, women in the studied institutions had longer TPF. This difference was
accentuated by the rank at which the faculty was hired. Among faculty hired at the assistant
level, women have longer TPF, but there is no difference in TPF between men and women when
hired as associate professors. The results among faculty hired at the assistant level align with the
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cumulative evidence on women being less likely to become full professors (Long et al., 1993).
When promotion to full does happen, the process takes longer for women than men (MLA,
2009).
Women in the higher ranks of professorship have proven themselves all along the
“pipeline” by overcoming the odds of departure. The lack of gender differences in TPF among
faculty hired at the associate level might imply that women that move at the associate level have
also learned the processes required for academic advancement. The lack of clarity of such
processes were extensively documented as the main limitations for promotion for faculty at midcareer (Stout et al., 2007; Buch et al., 2011).
The role of CMT is less intuitive in the context of promotion, especially because a critical
mass threshold was not reached across the institutions studied during the time period of this
study. It might be questioned whether women faculty that reach the associate level are less
interested in becoming full professor or if the prospect of going through the promotion process is
discouraging. Furthermore, it would also be interesting to consider such possibilities in relation
to the evidence describing women at higher academic ranks as “distancing” themselves from
other women. Women faculty who have gone through challenging gendered experiences during
the tenure track may likely have become discouraged about apply for promotion; on the other
hand, women that have consciously or unconsciously practiced “distancing” from their gendered
experiences might be more well-adapted to progressing through the academic ranks. Women
faculty hired at the associate level in this study might belong to the latter group, resulting in the
absence of differences in TPF.
5.2 Conclusion
This study described institutional retention, time to tenure, and time to promotion of
engineering faculty among 20 R-1 institutions of higher education in the U.S. Using an analytic
framework combining the theory of gendered organizations and critical mass theory, the results
show no differences by gender in IR for faculty hired as assistant professors. This might reflect
gains due to initiatives implemented in recent decades at many of the studied institutions, but it
may also reflect the rigidity of a system that allows limited flexibility for extensions of the tenure
clock where requiring such extensions might be stigmatized (Williams et al., 2013). However,
among faculty hired at higher ranks (i.e., associate or full), men had a shorter IR than women.
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There were no differences between men and women faculty in TT, which might reflect
the success of initiatives implemented for such purposes. Men and women faculty had similar
TPF when they were hired at the associate level, but when hired at the assistant level women
were less likely to be promoted to full professor and experienced longer TPF. The gathered
evidence indicates some advancement in gender parity in engineering faculty success at the
lower ranks and prompts new questions about the reasons behind the persisting differences
between men and women achievement at the upper ranks of engineering faculty.
Taken together, these results provide evidence of the advancement of assistant women
faculty in their likelihood of achieving tenure and staying at an institution. However, some issues
remain for women faculty reaching the associate level in terms of the time to obtain a promotion
to full faculty. Nevertheless, women faculty that switched institutions at the associate level were
at par with males in their success achieving the full professor level. It would be important to
entertain the possibility that such institutional switches might have been derived from perceived
improvements in the environment at the new institutions. Exploring those scenarios empirically
represents inquiries that would support institutional assessment. While gender parity among
engineering faculty is still a distant goal in engineering, the descriptive results of this study
indicate gains during the last few decades.
5.3 Contributions
This research endeavor has contributed to the body of literature in three different ways.
First, a database was created of the hiring, promotion, and departure information of engineering
faculty at the 20 institutions sampled. At the time this work was written, this database was the
largest endeavor to characterize faculty retention and promotion in engineering. While other
works have studied this phenomena, the number of faculty in engineering included in such
studies has been limited (Gumpertz et al., 2017; Kaminski & Geisler, 2012). Second, the
obtained results shed light into the phenomena of faculty retention and promotion within
engineering, as well as the advancements towards addressing gender disparities among
engineering faculty. Third, analysis of the results through the lens of gendered organizations and
critical mass theory opens new lines of inquiry, especially those focused on the effect of
initiatives that have been implemented in many of the studied institutions that are focused on the
support the advancement of women in science and engineering.
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5.4 Future Research
The objective of this study was descriptive. Therefore, a variety of areas of future
research are derived from the observed results—principally, those related to the explanations of
such results. Areas of future research can be grouped into the following four areas.
5.4.1 Expanding the timeline and the sampling pool
The timespan of this study covered almost two decades. However, the starting year of
analysis (1999) was close to the introduction of ADVANCE (2001). It might be that the observed
results are related to the implementations of this initiative. Therefore, expanding the timeline of
analysis to years before 1999 would provide additional evidence of the previous trends at the
sampled institutions. Furthermore, it could provide additional evidence of the benefits of such
implementations (Bilimoria et al., 2008). Similarly, expanding the sample would be of value,
especially as it might resemble the total group of 74 R1-Doctoral institutions in the U.S.
5.4.2 Inclusion of institutional variables
The inquiries conducted in this work focused on the effect of gender within the aggregate
of faculty at the sampled institutions. However, differences between such institutions are
expected in different aspects—e.g., location, demographics, and prestige. In the presented
analyses, such institutional differences were modeled through strata; however, their analysis can
be enhanced through the inclusion of specific institutional characteristics. Adjusting for these
characteristics would also provide evidence of which elements promote or deter IR.
5.4.3 Expanding the individual description of faculty.
This descriptive study focused exclusively on gender as the main faculty level covariate
to test as influencing IR, TT, and TPF. However, there is a variety of faculty level information
that could be derived from publicly available sources. For example, their curricula vitae might be
used to measure their scientific production and administrative and service positions. Such
elements have been documented to impact the likelihood of moving up the academic ladder.
Therefore, it would be of value to measure the impact of faculty characteristics quantitatively
within the created database of faculty. Additionally, the use of institutional data would contribute
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to richer explorations in this sense. However, the access to institutional records for a large
number of institutions represents a challenge.
5.4.4 Including leadership of institution/program
This work used Kanter’s view of CMT to analyze the statistical results of differences in
IR, TT, and TPF. However, the approach to CMT taken by Kramer et al. (2006) could also be of
value when studying faculty advancement in engineering. Therefore, including the gender of
leadership at the institutional or program level could provide additional insights into the impact
of organizational demography on the advancement of engineering faculty by gender.
5.4.5 Including more nuanced details to career outcomes.
The addition of more details of the events related to faculty advancement would be
necessary to understand the system better. The inclusion of other sources of data might indicate
the type of institution to which faculty moved after leaving an R1-public institution (e.g.,
LinkedIn profiles, CVs). There are significant implications on the types of institutions to which
the faculty move to. For example, moving to institutions with a similar ranking might be
considered as a positive change, while moving to an institution of lower rank might be
considered a negative change. Such information might provide additional insights about the
prevalence of certain paths through the academic career.
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APPENDIX B. CODING OF DEPARTMENT NAMES BY INSTITUTION

Institution

Clemson University

Florida International
University

Florida State University

George Mason University

Louisiana State
University and
Agricultural &
Mechanical College

Department
Agricultural and Biological Engineering
Automotive Engineering
Bioengineering
Biosystems Engineering
Chemical and Biomolecular Engineering
Civil Engineering
Electrical and Computer Engineering
Engineering and Science Education
Environmental Engineering and Earth Science
General Engineering
Industrial Engineering
Materials Science and Engineering
Mechanical Engineering
Biomedical Engineering (started in 2000)
Civil and Environmental Engineering
Computing and Information Science
Construction Management
Electrical and Computer Engineering
Industrial and Systems Engineering
Mechanical and Materials Engineering
Chemical and Biomedical Engineering
(originally only Biomedical - started in 2005, and
Chemical)
Civil and Environmental Engineering
Electrical and Computer Engineering
Industrial and Manufacturing Engineering
Mechanical Engineering
Bioengineering
Civil, Environmental, and Infrastructure
Engineering
Computer Science
Electrical and Computer Engineering
Systems Engineering and Operations Research
Biological and Agricultural Engineering
Gordon A. and Mary Cain Department of Chemical
Engineering
Civil and Environmental Engineering
Construction Management and Industrial
Engineering (merged in 2006)
Electrical and Computer Engineering

Code
AGR
MECH
BIOENG
BIOSYS
CHEME
CIVIL
ECE
ENGR
CIVIL
ENGR
INDSYS
MATS
MECH
BIOMED
CIVIL
CSE
CIVIL
ECE
INDSYS
MECH & MECH
CHEME &
BIOMED
CIVIL
ECE
INDSYS
MECH
BIOENG
CIVIL
CSE
ECE
INDSYS
BIOSYS & AGR
CHEME
CIVIL
CIVIL
ECE
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Oregon State University

Texas Tech University

University of Texas at
Arlington

University of Arkansas

University of California Irvine

University of California Los Angeles

Industrial and Manufacturing Systems Engineering
Mechanical Engineering
Craft and Hawkins Department of Petroleum
Engineering
Biological and Ecological Engineering
Chemical, Biological, and Environmental
Engineering
Civil and Construction Engineering
Electrical Engineering and Computer Science
Mechanical, Industrial, and Manufacturing
Engineering
Nuclear Science and Engineering
Chemical Engineering
Civil, Environmental, and Construction Engineering
Computer Science
Electrical and Computer Engineering
Industrial, Manufacturing, and Systems Engineering
Mechanical Engineering
Petroleum Engineering
Bioengineering
Civil Engineering
Computer Science and Engineering
Electrical Engineering
Industrial, Manufacturing, and Systems Engineering
Materials Science and Engineering
Mechanical and Aerospace Engineering
Biological and Agricultural Engineering
Biomedical Engineering
Chemical Engineering
Civil Engineering
Computer Science and Computer Engineering
Electrical Engineering
Industrial Engineering
Mechanical Engineering
Biomedical Engineering
Chemical Engineering and Materials Science
Civil and Environmental Engineering
Electrical Engineering and Computer Science
Mechanical and Aerospace Engineering
Bioengineering (started in 2005)
Chemical and Biomolecular Engineering
Civil and Environmental Engineering
Computer Science
Electrical and Computer Engineering

INDSYS
MECH
PETRO
BIOSYS
CHEME
CIVIL
ECE
MECH &
INDSYS
NUCL
CHEME
CIVIL
CSE
ECE
INDSYS
MECH
PETRO
BIOENG
CIVIL
CSE
ECE
INDSYS
MATS
MECH & AERO
AGRO
BIOMED
CHEME
CIVIL
CSE
ECE
INDSYS
MECH
BIOMED
CHEME
CIVIL
ECE
MECH & AERO
BIOENG
CHEME
CIVIL
CSE
ECE
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University of California Riverside

University of California San Diego

University of California Santa Barbara

University of Kentucky

University of New
Mexico

University of South
Carolina - Columbus

University of South
Florida

Materials Science and Engineering
Mechanical and Aerospace Engineering
Bioengineering
Chemical and Environmental Engineering
Computer Science and Engineering
Electrical and Computer Engineering
Mechanical Engineering
Bioengineering
Computer Science and Engineering
Electrical and Computer Engineering
Mechanical and Aerospace Engineering
NanoEngineering
Structural Engineering
Chemical Engineering
Computer Science
Electrical and Computer Engineering
Materials Science and Engineering
Mechanical Engineering
Biomedical Engineering
Biosystems and Agricultural Engineering
Chemical and Materials Engineering
Civil Engineering
Computer Science
Electrical and Computer Engineering
Mechanical Engineering
Mining Engineering
Chemical and Biological Engineering
Civil Engineering
Computer Science
Electrical and Computer Engineering
Mechanical Engineering
Nuclear Engineering
Aerospace Engineering
Biomedical Engineering
Chemical Engineering
Civil and Environmental Engineering
Computer Science and Engineering
Electrical Engineering
Mechanical Engineering
Nuclear Engineering
Chemical and Biomedical Engineering
Civil and Environmental Engineering

MATS
MECH & AERO
BIOENG
CHEME
CSE
ECE
MECH
BIOENG
CSE
ECE
MECH & AERO
NANO
CIVIL
CHEME
CSE
ECE
MATS
MECH
BIOMED
BIOSYS &
AGRO
CHEME
CIVIL
CSE
ECE
MECH
MINES
CHEME
CIVIL
CSE
ECE
MECH
NUCL
AERO
BIO
CHEME
CIVIL
CSE
ECE
MECH
NUCL
CHEME &
BIOMED
CIVIL
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University of Virginia

University of Wisconsin Milwakee

Computer Science and Engineering
Electrical Engineering
Industrial and Management Systems Engineering
Mechanical Engineering
Biomedical Engineering
Chemical Engineering
Civil and Environmental Engineering
Computer Science
Electrical and Computer Engineering
Materials Science and Engineering
Mechanical and Aerospace Engineering
Systems and Information Engineering
Biomedical Engineering (not included)
Civil and Environmental Engineering
Electrical Engineering and Computer Science
Industrial and Manufacturing Engineering
Materials Science and Engineering
Mechanical Engineering

CSE
ECE
INDSYS
MECH
BIOMED
CHEME
CIVIL
CSE
ECE
MATS
MECH & AERO
INDSYS
BIOMED
CIVIL
ECE
INDSYS
MATS
MECH
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APPENDIX C. IR, TT, AND TPF BY ENGINEERING DISCIPLINE

Table C.1. Institutional Retention time by gender for faculty at different engineering disciplines
Engineering
discipline
AERO
AG-BIO
BIOE-M
CHEME
CIVIL
CSE
ECE
INDSYS
MATS
MECH
MNP

General
IR
(SD)
13.66
0.67
12.78
0.65
13.55
0.47
13.15
0.45
13.31
0.37
12.96
0.35
13.28
0.29
11.75
0.54
11.99
0.59
13.03
0.35
12.36
1.16

Men
IR
12.44
12.61
11.11
12.79
12.71
12.35
12.62
11.08
11.72
11.99
8.15

(SD)
0.61
0.73
0.33
0.51
0.38
0.34
0.29
0.57
0.65
0.31
0.43

Women
IR
(SD)
12.6
1.37
13.43
1.52
12.21
0.71
14.72
0.93
12.73
0.8
12.96
0.89
13.49
0.73
11.8
1.02
13.88
1.34
11.92
0.79
8.66
1.09

p-value
0.915
0.625
0.165
0.069
0.985
0.528
0.275
0.536
0.147
0.934
0.657

BIOE-M = Bioengineering and Biomedical Engineering
MNP = Mines, Nuclear, and Petroleum Engineering

Table C.2. Time to tenure by gender for faculty at different engineering disciplines.
Engineering
discipline
AERO
AG-BIO
BIOE-M
CHEME
CIVIL
CSE
ECE
INDSYS
MATS
MECH
MNP

General
TT
(SD)
5.55
0.29
6.65
0.31
6.62
0.26
6.39
0.15
6.26
0.13
6.16
0.13
6.15
0.11
6.64
0.19
5.62
0.22
6.35
0.13
7.05
0.44

Men
TT
5.25
6.3
6.06
6.34
6.08
6.02
6.35
6.44
5.55
5.92
5.77

BIOE-M = Bioengineering and Biomedical Engineering
MNP = Mines, Nuclear, and Petroleum Engineering

(SD)
0.23
0.23
0.17
0.17
0.12
0.11
0.25
0.18
0.18
0.08
0.12

Women
TT
(SD)
5.22
0.42
6.04
0.43
6.3
0.32
6.49
0.3
5.94
0.25
5.97
0.28
6.13
0.12
6.5
0.32
4.66
0.51
5.46
0.25
5.5
0.35

p-value
0.95
0.604
0.502
0.671
0.611
0.874
0.444
0.87
0.102
0.084
0.465
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Table C.3. Time to promotion to full professor by gender among faculty at different engineering
disciplines
Engineering
program
AERO
AG-BIO
BIOE-M
CHEME
CIVIL
CSE
ECE
INDSYS
MATS
MECH
MNP

General
TPF
(SD)
5.77
0.4
8.32
0.79
8.25
0.61
9.02
0.7
9.55
0.56
8.35
0.47
9.26
0.52
11.62
0.88
7.57
0.7
9.53
0.62
7.76
0.51

Men
TPF
5.8
7.84
6.63
8.2

(SD)
0.44
0.81
0.23
0.58

Women
TPF
(SD)
5.72
0.88
8.57
1.23
5.27
0.66
7.95
0.99

6.95
8.3
8.49
6.39
7.54
5.64

0.89
0.4
0.36
0.48
0.32
0.23

8.12
9.76
8
6.43
7.5
6

BIOE-M = Bioengineering and Biomedical Engineering
MNP = Mines, Nuclear, and Petroleum Engineering

0.89
1.17
0.66
0.96
0.78
0

p-value
0.936
0.622
0.055
0.825
0.217
0.238
0.51
0.972
0.964
0.131
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VITA

Education
Ph.D. in Engineering Education
Aug 2018
Purdue University – West Lafayette, IN
Dissertation: Faculty retention and promotion in engineering: A quantitative study of the
differences between men and women
M.S. in Statistics
The Ohio State University – Columbus, OH

May 2014

M.S. in Industrial Engineering
Dec 2011
University of Puerto Rico at Mayaguez (UPRM) – Mayaguez, PR
Thesis: Identification of potential cancer biomarkers through multiple criteria optimization using
microarray data.
B.E. in Manufacturing Engineering
Aug 2007
Autonomous University of Nuevo León (UANL) – San Nicolás de los Garza, NL. México
Thesis: Data Envelopment Analysis: Grouping, Sensitivity Analysis and Prediction Studies

Honors and Awards
2018
2015
2015
2015
2011
2010
2010
2009
2008

Estus H. and Vashti L. Magoon Award for Excellence in Teaching Award, College of
Engineering, Purdue University.
Graduate Mentor of the Summer – Summer Undergraduate Research Fellowship (SURF)
Purdue University.
Travel Grant for the Diversity in Statistics Mentoring program during the Joint Statistical
Meetings 2015.
Purdue Women in Engineering Program travel grant for Technical Conference.
CONACYT (Mexican Council of Science and Technology) Scholarship for Graduate
Studies at The Ohio State University (2011-2013).
Travel and Participation Award for SACNAS National Conference 2010, Anaheim, CA.
Participation Award for UPR-MDACC Bioinformatics and Genetic Epidemiology
seminar, San Juan, PR.
Third Place, Graduate Research Posters Category, 7th Industrial Engineering Research
and Design Exhibition, UPRM, Mayaguez, PR.
Research Award in Exact Sciences 2008, UANL, San Nicolás de los Garza, NL, México,
(Coauthor with, Dr. Mauricio Cabrera-Ríos and Maria Guadalupe Villarreal M.).
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Teaching Experience
In Engineering Education
Graduate Teaching Assistant – First Year Engineering Program
ENGR 131/132: Transforming Ideas to Innovation I and II

Aug 2017 – Aug 2018

Faculty Apprentice – Content, Assessment, and Pedagogy
Foundation course for the Ph.D. program in Engineering Education
Collaborating with Dr. Ruth A. Streveler

Spring 2018

Graduate Teaching Assistant
IDE-360 - Multidisciplinary Engineering Statistics with Dr. Joyce Main

Spring 2017

Co-Instructor - Professional Development courses for Engineering Faculty
3 one-week professional development courses for engineering faculty at:
Universidad Nacional de Colombia, Bogotá, Colombia
Universidad EAFIT, Medellin, Colombia
Universidad del Magdalena, Santa Marta, Colombia
Course: Instructional Tools in Engineering
Co-creator with Ortega, J.D., and Vieira, C.

July 2017

K-12 Courses
Instructor Gifted Education Research Institute (GERI)
Summer 2016
College of Education - Purdue University
Course: “Is that true? Evaluating everyday information through data” (course creator)
Instructor on the Gifted Education Research Institute (GERI)
Summer 2015-2016
College of Education - Purdue University
Course: “Statistics unchained: Discovering the power of statistics” (course creator)
Research Experience
Graduate Research Assistant
Social Policy in Higher Education Research in Engineering (SPHERE)
School of Engineering Education – Purdue University
Conducting statistical analysis and scientific writing in different projects

Aug 2014 – Jul 2017

Graduate Research Associate
Community Research Partners – Columbus, OH
Assisting the evaluation of social programs through statistical analyses

Oct 2013 – May 2014
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Post-Master Researcher
BioIE Lab - Applied Optimization Group
Industrial Engineering Department - UPRM
Mentoring undergraduate students in research activities, scientific writing

Jan – May 2011

Visiting Scholar
May-Aug 2010
Dept of Bioinformatics and Computational Biology
UT-MD Anderson Cancer Center
Creating web-based technologies for the analysis of Reverse Phase Protein Arrays (RPPAs)
Graduate Research Assistant
Aug 2008 – Dec 2010
BioIE Lab - Applied Optimization Group
Industrial Engineering Department - UPRM
Developing tools for the identification of potential cancer biomarker genes, scientific writing
Quality Assurance Assistant
Feb- Jul 2005
KEMET de Mexico – Guadalupe, NL, Mexico
Implementing and evaluating strategies for the reduction of defective PPMs in the production
line
Research Publications
Refereed Journal Papers
•

•

•

•

•

Ortega-Alvarez, J.D., Vieira, C., Sanchez-Pena, M., Streveler, R.A. (2018). The
challenges of assessing transformative learning: Lessons learned from an instructional
design workshop for Colombian engineering faculty. (Accepted for publication in the
International Journal of Engineering Education on February 20, 2018).
Rivera EM, Irizarry ZI, Sánchez-Peña ML, Cabrera-Ríos, M, Isaza CE. (2017). Baseline
detection of potential cancer biomarkers with linear models from microarray
experiments. Cancer Studies, 1(1):4.
Sánchez-Peña, M., Isaza, C.E., Pérez-Morales, J., Rodríguez-Padilla, C., Castro, J.M.,
Cabrera-Ríos, M. (2013). Identification of potential biomarkers from microarray
experiments using multiple criteria optimization. Cancer Medicine, 2(2), 253-265.
doi:10.1002/cam4.69
Watts, E., Sánchez-Peña, M.L., Isaza, C.E., Cabrera-Ríos, M. (2012). Potential colon
cancer biomarker search using more than two performance measures in a multiple criteria
optimization approach. Puerto Rico Health Sciences Journal, 31(2), 59-63.
Cedeño-Mattei, Y., Sánchez-Peña, M., Lara-Rodríguez, Y., Perales-Pérez, O., CabreraRíos, M. (2012). A case study on statistical characterization and optimization of coercivity
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•

•

•

•

•

in cobalt ferrite nanoparticles. Proc. IMechE Part B: J. Engineering Manufacture, 226(1),
178-182.
Rodríguez, J.A., Rivero, J., Sánchez-Peña, M., Isaza, C.E., Cabrera-Ríos, M. (2010). Two
novel nonparametric methods for cancer diagnosis through microarray experiments. Puerto
Rico Health Sciences Journal, Special Issue: Cancer, 29(3), 305-311.
Villarreal Marroquín, M.G., Sánchez-Peña, M., Castro, C.E., Castro, J.M., Cabrera Ríos,
M. (2008). Using data clustering to aid the solution of multiple criteria optimization
problems through data envelopment analysis. Intelligent Data Analysis, 12(1), 89-101.
Sánchez Peña, M.L., Villarreal Marroquín, M.G., Cabrera-Ríos, M. (2008). Uso del
análisis envolvente de datos y técnicas de agrupamiento en optimización multicriterio.
Ciencia-UANL, 11(4), 377-383.
Sánchez Peña, M.L., Villarreal Marroquín, M.G., Cabrera-Ríos, M. (2008). Optimización
multicriterio a través de análisis envolvente de datos: Caso práctico en manufactura por
inyección de plásticos. Ingenierías, 11(39), 59-65.
Sánchez Peña, M.L., Villarreal Marroquín, M.G., Cabrera-Ríos, M. (2008). Optimización
multicriterio a través de análisis envolvente de datos: Estrategias de agrupamiento y de
discriminación. Ingenierías, 11(38), 52-59.

Refereed Conference Papers (presenter is underlined)
•

•

•

•

•

•

Kim, J., Cox, M.F., Sanchez-Peña, M.L., Main, J.B., McGee, E. (2017). Development of
a national survey focusing on the relationships between race, class, and gender on the
persistence of women engineering faculty. ASEE 124nd Annual Conference & Exposition.
Columbus, OH.
Ortega, J. D., Vieira, C., Sanchez-Pena, M. L., Streveler, R. (2017). Assessing
Transformative learning about instructional design: An example with Colombian
engineering faculty. 7th Research in Education Symposium. Bogotá, Colombia.
Sambamurthy, N., Sánchez-Peña, M., McGee, E., Cox, M.F., Main, J.B. (2016). AsianAmerican women engineering faculty: A literature review using an intersectional
framework of race, class, and gender. 2016 Frontiers in Engineering Education
Conference. Eerie, PA.
Sánchez-Peña, M., Sambamurthy, N., McGee, E., Cox, M.F., Main, J.B. (2016). The
factors affecting the persistence of Latina faculty: A literature review using the
intersectionality of race, class, and gender. 2016 Frontiers in Engineering Education
Conference. Eerie, PA.
Denney, L.B., Sánchez-Peña, M., Main, J.B. (2015). Examining how international
experiences promote global competency among engineering graduate students. 2015
Frontiers in Engineering Education conference. El Paso, TX.
Rodriguez-Simmonds, H.E., Sánchez-Peña, M., Atiq, Z., Coutinho, G., Jesiek, B. (2015).
A letter to the future engineer: Exploring cross-cultural engineering identities through
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•
•
•

•

•

•

•

•

practitioners’ letters of advice. 2015 Frontiers in Engineering Education conference. El
Paso, TX.
Main, J.B., Sanchez-Pena, M. (2015). Student evaluation of team members: Is there
gender bias? 2015 Frontiers in Engineering Education conference. El Paso, TX.
Main, J.B., Sánchez-Peña, M. (2015). Intercultural competency among doctoral students.
6th Research in Engineering Education Symposium, Dublin, Ireland.
Main, J.B., Sánchez-Peña, M. (2015). Measuring engineering students’ ability to thrive in
diverse and global environments. ASEE 122nd Annual Conference & Exposition. Seattle,
WA.
Rivera, E.M., Irizarry, Z., Sánchez-Peña, M.L., Isaza, C.E., Seguel, J., Cabrera-Ríos, M.
(2011). Consistent detection of cancer Biomarkers with linear models. IEEE International
Conference on Bioinformatics and Biomedicine Workshops (BIBMW). Atlanta, GA.
Sánchez-Peña, M., Isaza, C.E., Cabrera-Ríos, M. (2010). Identification of potential
cancer biomarkers using multiple criteria optimization. Proceedings of the 5th INFORMS
Workshop on Data Mining and Health Informatics. Austin, TX.
Sánchez-Peña, M., Villarreal-Marroquin, M.G., Castro, J.M., Cabrera-Ríos, M. (2009).
Setting processing conditions under multiple criteria. Industrial Engineering Research
Conference. Miami, FL.
Cedeño-Mattei, Y. Sánchez-Peña, M., Perales-Perez, O., Cabrera-Ríos, M. (2009).
Experimental optimization of nanomagnetic properties. Industrial Engineering Research
Conference. Miami, FL.
Sánchez Peña, M., Villarreal Marroquín, M.G., Cabrera-Ríos, M. (2007). Agrupamiento
de datos para la solución del problema de optimización multicriterio por medio de
análisis envolvente de datos: Segunda Parte. 5th IEEE International Congress in
Technological Innovation and Development. Cuernavaca, Morelos: México.

Refereed Conference Presentations (presenter is underlined)
•

•

•
•

Sánchez-Peña, M., Main, J.B. (2015). Children statistical literacy: Empowering and
informing our future decision makers. Joint Statistical Meetings of the American
Statistical Association. Seattle, WA.
Sánchez-Peña, M., Main, J.B. (2015). Exploring the international experiences of U.S.
domestic engineering graduate students. Illinois-Indiana ASEE Section Conference. Fort
Wayne, IN.
Sánchez-Peña, M. (2013). How different are the reasons that makes us ill? MALCS
(Mujeres Activas en Letras y Cambio Social) Summer Institute. Columbus, OH.
Diaz-Candelas, P., Sánchez-Peña, P., Isaza, C.E., Cabrera-Ríos, M. (2011). Comparison
of data envelopment analysis models to identify potential cancer biomarker genes for colon
cancer. Proceedings of the Association of Biomolecular Resource Facilities (ABRF)
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•

•

•

•

•

•

•

Conference 2011, San Antonio, TX. (Alternate citation: J Biomol Tech. 22(Supplement):
S38).
Isaza, C.E., Sánchez-Peña, M., Rodriguez, C., Cabrera-Ríos, M. (2010). An optimizationbased approach to potential biomarker identification with microarray data. Proceedings of
the 9th AACR Annual Frontiers in Cancer Prevention Research Conference. Philadelphia,
PA. (Alternate citation: Cancer Prevention Research, 3(12 Suppl):B45).
Sánchez-Peña, M., Castro, J.M., Isaza, C.E., Cabrera-Ríos, M. (2010). Cancer biomarker
search through multiple criteria optimization using microarray data. SACNAS (Society for
the Advancement of Chicanos and Native American in Science) Annual Meeting.
Anaheim CA.
Sánchez-Peña, M., Ramirez, N., Isaza, C.E., Cabrera-Ríos, M. (2010). Cancer tissue
classification through logistic regression. Proceedings of the IIE Annual Conference.
Cancún, MX.
Sánchez-Peña, M., Isaza, C.E., Castro, J.M., Cabrera-Ríos, M. (2010). Biological
discovery through microarray analysis using multiple criteria optimization. Proceedings
of the IIE Annual Conference. Cancún, MX.
Garcia, J., Sánchez Peña, M., Isaza, C.E., Cabrera-Ríos, M. (2010). Comparative study
on data envelopment analysis models for gene identification. Proceedings of the IIE
Annual Conference. Cancún, MX.
Rodriguez, J.A., Sánchez-Peña, M., Isaza, C.E., Cabrera-Ríos, M., Rivero, L. (2010).
Two novel distribution-free methods for cancer diagnosis through microarray analysis.
Proceedings of the IIE Annual Conference. Cancún, MX.
Mendez, B., Watts, E., Sánchez-Peña, M., Isaza, C.E., Cabrera-Ríos, M. (2010). Finding
potential cancer biomarkers using a single microarray experiment with replicates.
Proceedings of the IIE Annual Conference. Cancún, MX.

Books
Sánchez, M.L. Isaza, C.E. Cabrera-Ríos, M. (2011). Identification of potential cancer
biomarkers from microarray data: A parameter-free novel tool for meta-analysis of microarray
databases,VDM Verlag DR Müller, ISBN-13: 978-3-639-36348-7.
Invited Seminars
•

•

Fentiman, A. & Sánchez-Peña, M., Preparing for conferences, Professional development
workshop for the ASEE Purdue Student Chapter. Purdue University, West Lafayette,
February 2017.
Fentiman, A. & Sánchez-Peña, M., Preparing for conferences, Professional development
workshop for the ASEE Purdue Student Chapter. Purdue University, West Lafayette,
October 2016.
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•

•
•

Sánchez-Peña, M., Isaza, C.E., Castro, J.M., Cabrera-Ríos, M. Identification of Potential
Cancer Biomarkers through Multiple Criteria Optimization using Microarray Data,
Industrial Engineering Department – UPRM, April 2010.
Sánchez-Peña, M., Isaza, C.E., Castro, J.M., Cabrera-Ríos, M., Data Envelopment
Microarray Analysis, Industrial Engineering Department – UPRM, April 2009.
Sánchez-Peña, M., Optimización Multicriterio con Análisis Envolvente de datos
utilizando Estrategias de Agrupamiento y de Discriminación, Seminar Series, Graduate
Program of Systems Engineering – UANL, August 2007.

Service
• Reviewer for the European Journal of Engineering Education – REES 2017 special issue,
February 2018
• Graduate Representative in the Search Committee of the Kamyar Haghighi Head of the
School of Engineering Education, Purdue University, Fall 2016 – Spring 2017.
• Treasurer American Society of Engineering Education (ASEE) Purdue Student Chapter
2016-2017
• Treasurer Engineering Education Graduate Student Association (ENEGSA) 2016 – 2017
• Founding president of BOHIQUE, the UPRM chapter of Latinos in Science and
Engineering (MAES).
Memberships
• American Society of Engineering Education (ASEE), member since 2014
• Engineering Education Graduate Student Association (ENEGSA), member since 2014
• American Statistical Association (ASA), member since 2013
• MALCS (Mujeres Activas en Letras y Cambio Social), member since 2013
• Latinos in Science and Engineering (MAES), member since 2010
• The Society of the Advancement of Chicanos and Native Americans in Science
(SACNAS), member since 2010

